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PROJECT BACKGROUND 

The U.S. Atomic Energy Commission (AEC) announced its decision on March 23, 195 1 to build 
the Rocky Flats Plant. The plant was built to increase the quantity and quality of the nation's 
nuclear arsenal and has played an important role in the U.S. nuclear weapons complex in the 
years that have followed. Early plant operations were for the most part kept behind a "cloak of 
secrecy," with the main off-site concern being centered around two fire incidents in 1957 and 
1969 that received public attention, an inadvertent release of tritium to surface waters in 1973, 
and a waste storage practice (waste oil drum storage at the site of the 903 Pad) that resulted in 
the spread of contamination to nearby soil during the late sixties. After the 1969 fire, the public 
learned for the first time that plutonium had been released routinely and accidently from the 
plant. In 1984, the site was proposed to be a Superfund site, and in 1989, it was included on 
the National Priorities List for cleanup of environmental contamination. 

Public concern came to a high point in June 1989 when approximately 100 FBI and U.S. 
Environmental Protection Agency (EPA) agents raided the plant seeking documentation of alleged 
criminal acts and mismanagement. The Department of Energy (DOE) subsequently suspended 
plutonium processing to review and upgrade the plant's safety systems. Following the raid, 
Colorado's Governor Roy Romer negotiated with Energy Secretary Admiral James Watkins to 
secure funding for closer scrutiny of the plant's activities by the state and for health studies to 
address the public's concern of potential adverse health effects. 

In June 1989, an Agreement in Principle was signed by Governor Romer and Secretary Watkins 
that included DOE funding for increased environmental surveillance and oversight, remediation, 
emergency preparedness measures, accelerated cleanup in areas of imminent threat, and health 
studies. This report is one of the products of Phase I of the health studies known as the Rocky 
Flats Toxicologic Review and Dose Reconstruction Project, which is being conducted by 
ChemRisk under contract to the Colorado Department of Health (now the Colorado Department 
of Public Health and Environment). 

The Rocky Flats Toxicologic Review and Dose Reconstruction Project 

The primary purpose of this project is to reconstruct potential doses of the contaminants of 
concern which might have been received by off-site individuals as a result of past Rocky Flats 
Plant operations. Two points should be emphasized regarding the project scope. First, this 
project is designed to address exposures from historical operations, not to estimate doses from 
present and future operations or anticipate future exposure potentials. Second, this project is 
concerned with doses to individuals off the plant site, as opposed to occupational exposures to 
plant workers. Information pertaining to workplace exposures or control devices will in general 
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only be considered if it is also relevant to prediction of off-site releases or exposures, The 
period of interest for this study begins in 1953 when production related emissions began and 
covers the period through 1989. 

The technical tasks associated with the Phase I Health Studies are listed in Figure 1. The first 
several tasks focused on the development of an understanding of potential health impacts of 
contaminants released from the Rocky Flats Plant through a comprehensive look at all the 
materials and their quantities used at the plant since 1952. 

1. Identify Chemicals & Radionuclides Used 
2. Select Materials of Concern 
3. Reconstruct History of Operations 
4. Identify Release Points 
5. Estimate Releases 
6. Select and Model Exposure Pathways 
7. Characterize Land Uses and Demographics 
8. Perform Dose Assessment 

FIGURE 1: TASKS OF THE ROCKY FLATS TOXICOLOGIC REVIEW AND 
DOSE RECONSTRUCTION PROJECT 

Task 1 involved identification of chemicals and radionuclides used on the Rocky Flats site. 
Unlike some similar dose reconstruction studies that have been undertaken for federal nuclear 
facilities, this project is concerned with not only radionuclide emissions, but also releases of 
hazardous chemicals and mixed wastes containing both radioactive and non-radioactive 
components. To identify materials used on the site, the ChemRisk team frrst reviewed 
radioactive source registries and inventories and chemical inventories produced by plant staff. 
Chemical inventories listed thousands of chemicals present in very small quantities and some 
chemicals used in very large quantities. Examples range from 4 milliliters of vinyl chloride kept 
in a laboratory refrigerator to over 400,000 pounds of nitric acid used at the plant each year. 
Classified and unclassified records were also reviewed for evidence of other materials used on 
the Rocky Flats site. The result of Task 1 was a list of over 8,000 materials used on the site 
(ChemRisk, 199 1 a). 

0914CDJ2 



The objective of Task 2 was to select chemicals and radionuclides most likely to have posed an 
off-site human health hazard under historical routine plant operations. Radionuclides that have 
been included as contaminants of potential concern are those that were handled in substantial 
quantity, were associated with production activities, were found in forms that were likely to be 
released, or were found to be present in plant effluents or in the environment. 

For chemicals, a three-stage screening process was developed to MITOW down the list of 
contaminants of potential concern. In the first stage, 629 compounds were identified for further, 
more refined screening based on their known toxicologic properties, Rocky Flats release 
histories, or reported inventory quantities. A second stage of screening was performed to 
roughly estimate if the quantity of a chemical on-site was sufficient to pose an off-site health 
hazard. Forty-six potential chemicals of concern emerged from Stage 2 Screening. In the final 
stage of screening, these chemicals were individually evaluated to determine the likelihood of 
their release, potential quantity of release based on actual storage and usage practices, likely 
routes of release, and known behavior in the environment. 

Using both qualitative and quantitative screening criteria, and taking into account preliminary 
knowledge of actual storage and usage practices, 32 contaminants of potential concern were 
identified in Task 2 that could have been associated with off-site health impacts from normal 
operations of the Rocky Flats Plant (ChemRisk, 1991b). The initial list of contaminants of 
potential concern was subject to continuing review. As the work progressed, newly identified 
compounds were evaluated for possible addition to the list of contaminants of concern. 

Concurrent with the identification of materials used on the Rocky Flats site, Task 3 activities 
sought to document the history of operations at the facility as it might relate to off-site exposures, 
and Task 4 activities sought to characterize emission points for radionuclide and chemical 
releases to the environment (ChemRisk, 1992). Tasks 3 and 4 of the Rocky Flats Toxicologic 
Review and Dose Reconstruction Project involved extensive investigation and collection of 
infoimation describing past operations of the Rocky Flats Plant. The objectives of the historical 
investigations were to: 

0914CDJ2 

a Document the basic history of the Rocky Flats facility, outlining its physical 
development and its historical mission, 

a Document the nature of historical uses of the contaminants of potential concern 
identified in Task 2, 

Identify any significant historical uses of materials not evaluated as part of the 
Task 2 selection of contaminants of potential concern, 

. a  .. 
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Identify potential points of significant releases of materials of concern to air, 
surface water, or soil, 

Support work in Tasks 5 and 6 by characterizing the potential for significant 
uncontrolled radionuclide emissions from normal operations in the past that may 
have gone undetected by effluent monitoring systems, and, 

Identify any accidents, incidents, or waste disposal practices that resulted in 
contaminant releases with significant potential for off-site transport, also in 
support of Tasks 5 and 6. 

Tasks 3 and 4 investigations consisted of an extensive campaign of document reviews and 
personnel interviews targeting active and retired Rocky Flats employees, local citizens, and other 
interested parties. The major outcomes of the investigations are an understanding of the 
historical uses of the contaminants of potential concern, identification of accidents that warrant 
detailed evaluation, and documentation of the nature of associated emission points. 

The objective of Task 5 was to develop historical release estimates for the routine releases and 
events selected for detail study. Ths  task was divided into the following categories: 

0 Routine radioactive airborne emissions, 

Routine nonradioactive airborne emissions, 
ri 

9 

Routine surface water emissions, and 

Nonroutine contaminant releases. 

Historical investigations cxried out in Tasks 3, 4 and 5 resulted in the identification of the 
- 

cont&-iinants listed in- Table 1 as the subject of quintiative evaluation. 

The historical airborne radioactive effluent monitoring program at the plant was reviewed and 
evaluated to establish the utility of the data for dose reconstruction. Uncertainties in the 
monitoring data associated with the sampling and analytic practices at the plant were carefully 
characterized. The review indicated that the effluent monitoring data reported by the plant 
provided a good basis for estimating airborne releases from the facility provided the identified 
uncertainties were incorporated in the estimates. One notable exception was the plant's data for 
uranium emissions prior to 1961, which are under-'reported in plant summary documents. The 
uranium emissions for this period were recalculated using raw data from plant log books. 

- - _ ._ _ _  - -  
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TABLE 1: CONTAMINANTS SELECTED FOR QUANTITATIVE EVALUATION 

SOLVENTS METALS OTHERS 

Carbon Tetrachloride Americium-241 Tritium 
Chloroform Beryllium 
Methylene Chloride Plutonium-239/240 
Tetrachloroethylene UraniumZW235 (enriched) 
1 ,I , I  -Trichloroethane 
Trichloroethylene 

Uranium238 (depleted) 

The effluent monitoring data were used as the basis for establishing quantitative annual estimates 
of routine releases of the radioactive materials of concern. Monitoring data for routine airborne 
emissions of nonradioactive materials are available only for beryllium, and these data served as 
the basis for the release estimates of this metal. Routine monitoring for organic solvents of 
concern was not performed by the plant. Estimates of the plausible ranges of historical emissions 
for these materials were developed using various types of documentation (e.g., Air Pollution 
Emissions Notifications, special studies conducted by the plant, and inventory quantities) and 
information obtained from personnel interviews. 

Review of information regarding routine contaminant releases to surface water from the plant 
indicated relatively limited availability of data to directly quantify the releases. Those data that 
are available were used to examine whether plant releases measurably increased the radioactivity 
present in water from potentially impacted reservoirs and drinking water. While the data review 
suggested that it is plausible that plant-related releases may, during some periods of time, have 
measurably increased gross alpha radioactivity in the waters of the receiving reservoirs, the 
resulting measured levels were similar to levels found in other, unaffected reservoirs in the area. 

. For tritium, some measured increases were clearly attributable to Rocky Flats. 

Information and data associated with releases of contaminants from the plant for major 
nonroutine release events (1957 and 1969 fyes and 903 Pad) were identified in the Task 5 report. 
The data and information on these accide'ntal events are very limited. As a result, the analysis 
of these events requires the use of a number of estimates that introduce uncertainties that are 
accounted for in the final results. The products of Task 5 efforts are historical contaminant 
release estimates for contaminants routinely released by the plant and information and data 
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regarding accidental releases requiring further analyses in Task 6 to predict historical 
contaminant concentrations in environmental media. 

Project Task 6 began the process of evaluating how plant releases traveled off-site and could 
have resulted in exposure of the public by predicting the concentrations of the contaminants in 
environmental media such as air, soil and foodstuffs (ChemRisk, 1994a). Based on the nature 
of contaminant releases, physical properties of the con taminants, local hydrogeology and land-use 
information, the following exposure pathways were identified to be important in Task 6: 

0 Inhalation of airborne contaminants due to direct release or soil resuspension, 

Consumption of contaminated vegetables, milk and beef, and 

Ingestion of contaminated drinking water. 

m Incidental ingestion of contaminated soil, 
0 

0 

An exposure model capable of evaluating these exposure pathways was developed in Task 6. 

One of the primary objectives of Task 6 was to predict the concentrations of contaminants in the 
air in areas around the plant site so that the amount of contaminant that could have been inhaled 
by people, deposited on the ground that people could come in contact with, and taken up by 
vegetation or grazing animals that could be eaten by people could be estimated. Air 
concentrations were estimated for routine releases of contaminants using computer models and 
information on the meteorological conditions at the site (such as wind speed and direction) and 
the conditions and size of the contaminant release (such as height of the stack, temperature of 
the exhaust air, and amount of contaminant). 

A somewhat different technical approach was required to predict con&mt concentratioxis in 
off-site areas that resulted from accidental releases. Since there were no or incomplete direct 
measurements of associated emissions, information to support evaluation of these accidental 
releases was pieced together from the conditions that were reported during the accident and from 
monitoring data in the form of air, soil or vegetation samples taken during or shortly after the 
event. Computer air dispersion models were used to determine, under the estimated conditions 
of the accidental release, the size of the release that would have been necessary to produce the 
contamination that was measured at the few locations where air, soil or vegetation samples were 
taken. The model was then used to predict the likely concentrations of contaminants at other 
locations where the public could have been exposed. In some cases, model predictions were 
compared to environmental sampling data that were not used in the initial estimate of the size 
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the release. These comparisons tested the accuracy of the models in predicting environmental 
concentrations and added to the confidence placed in the modeling. 

The results of Task 6 provide the basis for making estimates of the environmental concentrations 
of contaminants released from the plant from routine operations, accidents, and resuspension to 
the air from the soil and the identification of the pathways that these contaminants were most 
likely to have traveled in reaching the public. These are critical pieces of information needed to 
calculate the doses of contaminants that the public in the vicinity of Rocky Flats would have 
received as a result of past plant activities. This information is used in Task 8 to calculate doses 
to the public. 

Areas within several miles of Rocky Flats have changed in terms of land use and development 
since the plant first began operations in 1953. The objective of Project Task 7 was to identify 
land uses and populations near the Rocky Flats plant during the period of operations from 1953 
to 1989 (ChemRisk, 1994b). The task emphasized identification of the locations of nearby 
residents that would be most highly exposed and the approximate sizes of populations living near 
the plant. The use of the lands and waters surrounding the plant were also examined, because 
this can influence the pathways through which contaminants can migrate and ultimately reach 
people. Typically, land uses of interest include the raising of crops for human consumption, 
grazing land and hay produced as feed for cattle consumed by people, or the presence of dairies 
and drinking water or irrigation reservoirs. 

A relatively limited amount of detail about land uses and populations was collected for this first 
phase of the health studies through personal interviews with long-term landowners and review 
of census data, historical topographical maps produced by the United States Geological Survey, 
aerial photographs, deed books and county assessor files to establish land ownership and land use, 
and county and local government records. A number of other types of federal, state and local 
agency records were also explored for useful information. 

The Task 7 work provides preliminary population information that would be required for the 
purposes of an epidemiological study, but-additional information would ultimately be needed for 
such studies. The work does not provide detailed agricultural production information. Based on 
the contaminants released by the plant, food-related pathways are known to have made only a 
minor contribution to the total exposure of the public to contaminants released by the plant. 

The last technical task is Project Task 8. This task, which is the subject of this report, combines 
the information produced in preceding tasks on the amount of Contaminants that were either 
estimated to be present or measured in the environment from plant releases with the exposure 
model developed in Task 6 to estimate radiation and chemical doses potentially received by the 
public. Dose estimates and the uncertainty in these estimates are provided for each of the 
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contaminants listed in Table 1. While the endpoint of the Phase I studies are these dose 
estimates, and one of the purposes of Phase II is to thoroughly examine what these doses mean 
in terms of health risk, Task 8 provides some initial interpretations of the doses in terms of 
health risk in order to provide some perspective on the meaning of the results of Phase I. 
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EXECUTIVE SUMMARY 

This report represents the final step in the complex process of estimating the radiation and 
chemical doses received by the public as a result of contaminant releases from the Rocky Flats 
Plant in the past. Each major step of the investigative and analytic process is represented by a 
project task and is documented in a task report. The results presented in this Task 8 report rely 
on the findings of previous reports which: 

e Identify radionuclides and chemicals used historically at the plant (Task l), 

e Select those having the highest potential for producing off-site health effects (Task 
2) , 

e Document the history of plant operations and points of release related primarily 
to the selected contaminants (Tasks 3 and 4), 

e Quantify contaminant releases (Task 5) ,  

e Predict off-site concentrations of contaminants from both routine and key 
accidental releases and define an exposure pathway model for calculating dose 
(Task 6) ,  and 

e Identify historical locations of populations and land-uses in the vicinity of the 
plant to evaluate plausible exposure pathways (Task 7). 

The doses predicted in this report should be considered preliminary, because further 
investigations of the dominant sources of past exposure, and the consequent health risks, are 
being explored in Phase II of the Health Studies. These investigations are designed to identify 
additional information and explore alternative approaches to the analyses, particularly of the 
largest accidental releases. The Phase II investigations could lead to changes in the estimated 
doses or refinements in the estimates of uncertainty. 

Task 8 required an extremely large number of calculations. to produce dose estimates and their 
associated uncertainties. The purpose of the Task 8 report is to describe and document the 
calculational methods employed, tabulate the results of the thousands of calculations performed, 
and provide some interpretation of the results. A more thorough interpretation of the predicted 
doses in terms of health hazard or risk characterization is one of the objectives of the Phase II 
Health Studies work. This Task 8 report provides: 
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A basic description of the concepts of chemical and radiation dose used in the 
assessment. For radiation, dose is expressed as effective dose, and for chemicals, 
dose refers to the amount of material taken up by the body. 

A description of the characteristics of the exposed individual defined for the dose 
calculations. This individual is an adult exposed via all the identified potentially 
complete environmental exposure pathways with exposure-related characteristics 
typical of the nation’s population. 

A discussion of the potential differences in the dose to individuals who differ in 
age, activity level, duration and times of exposure, and amount of locally grown 
food consumed. 

A description of the exposure domain or area for which calculations were 
performed. The domain included the non-mountainous populated areas between 
2 and 10 miles from the center of the plant and three discrete locations associated 
with population centers up to 20 miles from the plant in the cities of Longmont, 
Lakewood, and Denver. 

The division of the exposure domain into sectors over which exposures are 
predicted to be relatively uniform. 

The approach to using the products of previous ChemRisk project reports to 
estimate air and soil concentrations,within each sector or at the exposure points 
selected for calculating dose. 

The approach used to estimate dose and uncertainty using Monte Carlo 
techniques. 

Although the methods and results of the dose calculations are summarized in over 200 pages of 
tables and figures in appendices to this report, the main body of the report presents selected 
results in graphical form to facilitate the interpretation of the dose calculations. Direct 
comparisons can be made among the radiation doses to evaluate the relative importance of the 
health hazards posed by the various radionuclides that have been released from the plant. 
However, estimates of health risk are required to make any evaluation of the relative health 
hazards posed by chemicals, or to compare the health hazards posed by chemicals to those posed 
by radionuclides. Therefore, a number of preliminary health risk estimates have been calculated 
for these comparisons. The uncertainties associated with the translation of dose to risk and those 
inherent in the dose conversion factors for radionuclides are to be addressed by the ‘Phase II 
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studies and have not been included in any of the results presented in this report. The 
comparisons and evaluations provided in the Task 8 report support the following general 
conclusions : 

0 Airborne release from buildings or contaminated soil (i.e., resuspension) has been 
the dominant mechanism of contaminant release from the plant and, as a result, 
doses and, therefore, risks decrease with increasing distance from the site. The 
highest doses are predicted for areas southeast of the plant, which is the 
predominant downwind direction. 

0 Inhalation exposure has been the dominant exposure pathway for contaminants 
released to the air, with doses from other pathways being at least 10 times and in 
many cases over 1000 times smaller. 

0 The highest predicted radiation doses are associated with the direct release of 
plutonium from the 903 Pad to the areas southeast of the plant during the period 
of 1965 to 1969. The 95 percent confidence bound is provided for each of the 
dose estimates and represents the range of values that we are confident includes 
the true, but unknown value. The best estimate of the doses to persons living 
between the plant buffer zone boundary and 10 miles southeast of the plant during 
the years of direct release from the 903 Pad range between 9.1 microsieverts 
&Sv) and 72 pSv (between 0.91 mrem and 7.2 mrem). The uncertainty 
associated with these best-estimates is about a factor of seven. Therefore, the 95 
percent confidence bound about the best estimate of the range of doses to an 
individual that was present in the area between the plant buffer zone boundary and 
10 miles southeast of the plant would range between 1.3 and 500 pSv. The 
estimated cancer risk associated with the best estimate of the doses ranges from 
about 1 in 1.5 million to 1 in 190,OOO. 

0 The second highest predicted radiation doses are associated with releases of 
plutonium from the 1957 fire. The best estimate of the highest doses along-the 
center-line of the contaminant plume from the fire between 3 and 8 miles from the 
center of the plant is approximately 12 to 18 pSv. The uncertainty associated 
with this best-estimates is large, due to lack of information and data regarding this 
release, and is in the range of a factor of 38 (k, the 95 percent confidence 
bound ranges from one-thlrty-eighth of the best estimate to 38 times the best 
estimate). The estimated cancer risks associated with the best estimates of the 
doses along the center-line of the contaminant plume are between approximately 
1 in 1.1 million and 1 in 760,000. 
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The best estimates of the radiation doses from exposure to 37 years of routine 
releases of plutonium from the plant are over 25 times smaller than those for the 
903 Pad releases in the areas to the southeast of the plant. The uncertainty 
associated with the best-estimates of doses from routine plutonium emissions is 
about a factor of 2. 

The highest predicted lifetime cancer risk for 37 years of release of chemicals is 
associated with carbon tetrachloride. The cancer risk associated with estimated 
carbon tetrachloride releases range from one in 2.9 million to one in 670,000 for 

boundary and ten miles from the center of the plant. The uncertainty associated 
with these estimates is about a factor of 1.3. 

the area of highest exposure to the southeast of the plant between the buffer zone / 

The radiation doses predicted from the measured increases in surface waterborne radioactivity 
in Broomfield drinking water were on the order of 4 to 40 pSv per year for those few years 
during which waterborne radioactivity appeared to rise above more typical background levels. 
These years included: 1) an increase of 1.5 pCi L-' in gross alpha concentrations in Great 
Western Reservoir and Broomfield drinking water in 1966 concurrent with increased releases of 
radioactivity to Walnut Creek by the plant, 2) observed increases of up to 0.15 pCi L-' in the 
concentration of Pu-239/240 in 1973 concurrent with plant holding pond reconstruction activities, 
and 3) increases of up to 8100 pCi L-' due to a documented release of tritium during 1973 and 
1974. These water pathway-related dose estimates represent relatively simple screening analyses, 
because the data related to waterborne releases of contaminants and measured changes in 
radioactivity in receiving reservoirs are limited. With the exception of tritium, it is possible that 
the observed increases could have been due to other sources of radiation in the environment, 
since the measured increases were similar to those seen in other unaffected water bodies during 
other time periods. 

Appendices to this report provide detailed information on some of the calculational approaches 
of the study. A large portion of the appendices is made up of tables containing -the dose 
estimates for the airborne release of 12 contaminants (i.e., americium-241, depleted uranium, 
enriched uranium, plutonium-239/240, tritium, beryllium, carbon tetrachloride, chloroform, 
methylene chloride, tetrachloroethylene, 1 , 1 , 1-trichloroethane and trichloroethylene) over part 
or all of the 37-year operational history of the plant on an annual basis or for specific events for 
as many as 25 exposure locations and 10 exposure pathways. 

The events associated with the largest releases of contamhints that would have led to the largest 
health hazards are also those for which information and data are most limited. This situation 
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leads to the relatively large uncertainties quoted above. As a result, the following activities are 
those that should receive high priority as part of the Phase II follow-up to Phase I work: 

The development of alternative approaches to estimating the releases of 
radioactive contaminants from the 903 Pad and the 1957 fire, which were the 
dominant release events identified by Phase I. These releases came from complex 
events for which limited data are available. The use of alternative scientific 
approaches to the evaluation of these releases could yield further insights into the 
potential health hazards that these events may have posed. 

0 The identification of additional environmental data that could be used to establish 
whether the predicted exposures are consistent with actual measurements taken in 
the environment. 

In addition, the further characterization of releases of chemicals and radionuclides to surface 
water should be pursued, because limited information was identified in Phase I on either the 
release of liquid contaminants from the plant or the degree of contamination present in the nearby 
reservoirs and related drinking waters. 
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Solvents Metals Others 

Carbon Tetrachloride Americium-241 Tritium 

1.0 INTRODUCTION 

Chloroform 

Methylene Chloride 

Tetrachloroethylene 

1.1, I -Trichloroethane 

Trichloroethylene 

The objective of Task 8 of the Toxicologic Review and Dose Reconstruction Project was to 
estimate chemical and radiation doses that a person residing near the Rocky Flats Plant between 
1953 and 1989 could have received as a result of plant operations, including accidents. Dose 
estimates are determined in this assessment based on the evaluation of an adult with a particular 
set of exposure characteristics. Since chemical and radiation doses received by an individual 
depend upon where, when, and how Iong the person was exposed, actual doses received by a 
specific individual will differ to some extent from those calculated for the adult described in this 
assessment. Nevertheless, the dose estimates provided in this report can serve as an indication 
of the likely magnitude of chemical and radiation doses an individual would have received during 
the operational history of the plant. 

Bery1li.m 

Plutonium-239/240 

Uranium-234/23S (enriched) 

Uranium-238 (depleted) 

I 

The dose assessment is a synthesis of information and analyses completed in project tasks 1 
through 7.  Efforts in Tasks 1 through 5 of the project have resulted in the identification of 
contaminants to be addressed by this dose reconstruction. Contaminants that are the subject of 
this quantitative evaluation with regard to historical emissions are listed in Table 1-1. The list 
includes six organic solvents , one nonradioactive metal, three radioactive metallic elements and 
their isotopes, and tritium, the radioactive form of hydrogen. 

TABLE 1-1 

CONTAMINANTS OF CONCERN FOR THE DOSE RECONSTRUCTION PROJECT 

Air dispersion model results from Task 6 and information about the historical land-use and 
population density around Rocky Flats from Task 7 are used to define exposure locations. 
Relevant human exposure pathways were identified in Task 6 based on the nature of release, 
physical properties of the contaminants of concern, local hydrogeology , and representative 
locations and activities of the exposed population. Contaminant concentrations in air, soil and 
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food products at locations of interest are derived from release estimates developed in Task 5 and 
air dispersion model results from Task 6 .  Finally, all of this information is brought together in 
an exposure model that was introduced in the Task 6 report to produce estimates of chemical and 
radiation dose. 

The quality of dose estimates provided in this report is directly related to the quality and quantity 
. of information found or developed in previous tasks. Potential doses received through each of 
the environmental exposure pathways are calculated for routine and accidental airborne releases 
based on the information developed in Tasks 5 and 6 .  Doses associated with radioactivity that 
has been measured in nearby surface water reservoirs or drinking waters are also examined in 
this report. However, the lack of information regarding releases of contaminants to surface 
water and the similarity of the measured radioactivity in Great Western Reservoir and Standley 
Lake and their related drinking waters to that found in other reservoirs and drinking waters has 
led to the limited evaluation of this pathway. In this report, only a screening-level dose 
assessment is performed for surface waterborne releases. 

The Rocky Flats Dose Reconstruction Project focuses on past exposures. It is based on past 
material usage and release information, environmental monitoring data, and model predictions. 
There are uncertainties associated with this information and, as a result, with the predicted 
results. Efforts have been made throughout the project to identify and quantify these 
uncertainties. This was done primarily by choosing a best estimate for a particular parameter 
(e.g., predicted air concentration) and defining the magnitude of uncertainty about that estimate 
(i.e., the range within which there is a high degree of confidence that the true but unknown value 
lies). The overall uncertainty in estimated doses is determined by combining individual 
uncertainties associated with each parameter used in dose calculations. Several techniques are 
available for propagating uncertainties. One common method, known as Monte Carlo 
simulation, is used throughout this report. The use of Monte Carlo simulation and other 
techniques to determine the overall uncertainty in a dose estimate is discussed in detail in this 
report. 

For the purpose of giving perspective to the estimated doses, potential health risks associated 
with some of the dose estimates are also provided in this report. The potential for noncancer 
chronic health effects from exposure to 1,1,1-trichloroethane, the only material of concern not 
considered to be a carcinogen, was evaluated by comparing the estimated dose with the reference 
dose for this compound. Theoretical excess lifetime cancer risks as a result of exposure to 
routine and accidental releases of carcinogenic chemicals and radionuclides are determined by 
using standard risk factors. Since all of these health effects or risk evaluations are considered 
preliminary, no additional sources of uncertainty are included as part of this evaluation process. 
A more thorough evaluation of the conversion of dose to risk will be performed as part of the 
Phase II Health Studies now underway. 
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Using information gathered in this project, Radiological Assessments Corporation, the Phase II 
contractor, will further investigate the primary sources of contaminant exposure for the public 
and describe the potential health risks associated with these exposures. 
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2.0 CHEMICAL AND RADIATION DOSES 

Dose assessment is a process through which chemical and radiation doses received by an exposed 
individual or population are determined. For chemicals, it means the determination of the 
amount of chemical that enters the human body; for radionuclides, it means the estimation of the 
effect of interaction between radiation and the human body. Generally, dose is not measured 
directly; it is calculated from contaminant concentrations or measurements of radiation in the 
environment using mathematical models describing the uptake and distribution of the contaminant 
or radiation energy in the body. In this report, the methods used to determine chemical and 
radiation doses for an individual residing in the vicinity of Rocky Flats between 1953 and 1989 
are described. However, before describing the methods, it is first necessary to define chemical 
dose, radiation dose, and assumed characteristics of the exposed individual. 

2.1 Definition of Chemical Dose 

In this assessment, chemical dose is defined as the total amount of a contaminant taken in by an 
individual (i. e. ,  entering the body through openings such as the mouth or nostrils) through all 
exposure routes (e.g., inhalation, water and food ingestion, and incidental soil ingestion) over 
a period of time. In reality, not all of the material inhaled or ingested is absorbed, although the - 
absorption efficiency will depend on the chemical and route of exposure. For the volatile 
organic chemicals of concern, inhalation is the only relevant exposure route. Researchers have 
reported that 30 to 80 percent of inhaled material is absorbed into the blood stream for several 
volatile organic chemicals, while the remaining portion is exhaled (ATSDR, 1989a-d). It should 
be noted, however, that these studies evaluated occupational exposure to concentrations h the 
range of 100 parts per million or more, which are significantly higher than those associated with 
historical releases of volatile organics from Rocky Flats (e.g., 1 part per billion or less). The 
absorption efficiency at these lower concentrations is more likely to be at the upper end of the 
range reported for occupaSona1 exposures. In the absence of conclusive data to the contrary, 
100 percent absorption has been assumed in this assessment for tetrachloroethylene, l , l , l -  
trichloroethane, and trichloroethylene. As a result, we have assumed that 100 percent of the 
inhaled quantities of these materials were absorbed. 

In contrast, the extent of absorption of inhaled carbon tetrachloride, chloroform, and methylene 
chloride can be characterized based on experimental results. Evidence su<.$ests that inhalation 
absorption of carbon tetrachloride may vary from 30 to 65 percent f&HS, 1988; USEPA, 
1984). For the purposes of this study, an inhalation absorption efficiency of 65 percent was used 
for carbon tetrachloride dose calculations. An inhalation absorption efficiency for chloroform 
of 65 percent was calculated by the USEPA based on results of previous studies (USEPA, 1985). 
For the purposes of this study, an inhalation absorption efficiency of 65 percent was used for 
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chloroform dose calculations. A study of the uptake of methylene chloride following inhalation 
by human subjects indicated absorption of from 70 to 75 percent (ATSDR, 1989~). For the 
purposes of this study, an inhalation absorption efficiency of 75 percent was used in methylene 
chloride dose calculations. 

Both ingestion and inhalation routes of exposure are applicable to beryllium. In the case of 
inhalation exposure, it is estimated that about 10 to 50 percent of the inhaled particles are 
deposited in the p~lmonary region of the lung (Hinds, 1982). The remaining particles are either 
exhaled or removed from the upper portions of the respiratory tract by various mechanisms and 
ingested. With regard to ingestion exposures, beryllium is not well absorbed through the oral 
route. Although there are no human data about the absorption efficiency of beryllium following 
oral exposure, several investigators have found that less than 1 percent of ingested beryllium was 
absorbed through the stomach and intestine of laboratory animals (ATSDR, 1988). In this 
assessment, it was assumed that 50 percent of inhaled beryllium and 1 percent of ingested 
beryllium is absorbed into the body. 

Because cancer slope factors represent estimates of the risk per unit "dose", where dose is 
actually the daily intake of the contaminant per unit body weight, it is not appropriate to include 

- absorption efficiencies when translating concentrations of contaminants in the environment to 
risks of cancer incidence. The absorption efficiencies mentioned above for several of the 
chemicals of concern have not been included in the illustrative risk evaluations performed in t h s  
study and described in Section 5 of this report. 

u 

2.2 Defiition of Radiation Dose 

Radiation dose is conceptually different from chemical dose. It includes not only the amount of 
a radionuclide taken up by an exposed person, but also the fraction of the radionuclide that is 
actually absorbed into the body and-the effect of radiation on cells and tissues of the human 
body. Although there are many radionuclides, there are four main types of ionizing radiation: 
neutrons, alpha particles, beta particles and gamma rays, and they all can cause adverse effects 
on biological tissues by imparting their energy to cellular substances (e.g., proteins and DNA). 
The absorbed dose is defined as the mean energy imparted by ionizing radiation per unit mass 
of tissue. The International System of Units (SI) unit of absorbed dose is the joule per kilogram 
(J kg-'), which is given the special name "gray" (Gy). Until recently, the most common unit of 
absorbed dose was the "rad." One gray is equal to 100 rad. 

Since deleterious effects of all types of ionizing radiation are caused by energy absorption, it is 
possible to devise a unifying system to quantify tissue damage for the many radionuclides that 
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exist. Such a system has been developed by the International Commission on Radiological 
Protection (ICRP). In this system, which takes into account the varying degrees to which 
different radiations cause biological damage, dose equivalents for specific organs and effective 
dose equivalents (related to whole body dose) were initially used in quantifying radiation dose. 
Recently, the designations for organ-specific and effective dose equivalents were changed to 
"equivalent dose" and "effective dose", respectively (ICFW, 1990). A brief discussion of the 
meaning of several relevant radiation dosimetry terms is presented in Appendix A. Equivalent 
and effective doses are expressed in sieverts (Sv) under the SI system or in ''rem" in historical 
units. Similar to the relationship between grays and rads, one sievert is equal to 100 rem. 

For the purpose of this assessment, radiation dose is expressed in terms of effective dose, 
because it provides a single measure of radiation hazard that is consistent with the current 
understanding of human health risks caused by radiation exposure. In order to illustrate the 
relationship between equivalent dose and effective dose, some limited organ dose determinations 
are also presented in this report (see Section 3.6). Effective dose is generally determined by 
multiplying the amount of a radionuclide taken into the body of the exposed individual by an 
appropriate pathway-specific dose conversion factor (DCF). For external exposure pathways, 
e.g., air immersion and ground exposure, effective dose is the product of the concentration of 
a radionuclide in air or on the ground and the appropriate DCF. 

DCFs can be obtained from a number of sources, and are often re-evaluated as more information 
becomes available. In addition, there are usually multiple DCFs given for each radionuclide for 
inhalation and ingestion exposures, to account for different chemical compositions and physical 
properties of materials. The DCFs used in this assessment are presented in Table 2-1. The 
rationale used to select these values is presented in Appendix B. 

As shown in Table 2-1, some of the DCFs used in this assessment are represented by single 
values (i.e., point estimates), and some are represented by uniform distributions between two 
values. A formal uncertainty analysis of DCFs is beyond the scope of this evaluation, and will 
be addressed in Phase II of the Health Studies. However, as discussed in the Task 5 report and 
in Appendix B, it appears that forms of uranium and plutonium wi@ varying chemical properties 
were present at Rocky Flats. To account for the possibility that uranium and plutonium 
associated with Rocky Flats emissions may have experienced varying rates of clearance from the 
lung, the inhalation DCFs for enriched uranium, depleted uranium, and plutonium-239/240 are 
represented by uniform distributions between values corresponding to slightly soluble (Class W) 
and insoluble (Class Y) compounds of uranium-234, uranium-238, and plutonium-239. 
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TABLE 2-1: DOSE FACTORS FOR RADIONUCLIDES OF CONCERN 

Tritium (H-3) Water Vapor, fl = 1 1 . 6 ~ 1 0 ~ ~  1 . 6 ~  IO1' Not Applicable Not Applicable 

Eoriched Uranium w to Y 2.1~106 to 3 . 6 ~ 1 0 ~  7 . 1 ~ 1 0 ~  to 7.7.10-8 2 . 4 ~  1 O7 2.4~104 
fl = 0.002 to 0.05 uniform distribution uniform distribution 

fl = 0.002 to 0.05 uniform distribution uniform distribution 
Depleted uranium w to Y 1.9~106 to 3.2~10' 6 . 4 ~ 1 0 ~  to 6 . 9 ~ 1 0 ~  1 . 7 ~  IO7 l . l x l 0 4  

1.3~104 to 1 . 5 ~ 1 0 4  
fl = 0.001 uniform distribution uniform distribution uniform distribution 

1 Plutonh-239/240 w to Y 8 . 4 ~ 1 0 ~  to 1.2~10-4 9 . 7 ~ 1 0 ~  1.2~107 to 2.5~107 

11 Americium241 I W I 1.1x104 I 8 . 9 ~  IO7 I 8.7~106 1 2 . 6 ~  IO2 II 
I1 I I I I I I] fl = 0.001 

& Lung clearance classes indicate relative magnitudes of half-times for removal of compounds k m  the lung .  D indicates half-times on the order 
of days, W indicates half-times on the order of weeks, and Y indicates half-times on the order of year. 

GI uptake factors (fl values) r e p m t  the fraction of ingested radionuclide that is taken up h m  the gastrointestinal tract to the blood. b 

References: Plutonium, americium, and tritium ingestion and inhalation factors: ICRP Publication 
Uranium ingestion and inhalation factors: Fedml Guidance Report No. 11 (USEPA, 
Ground exposure and air h e r s i o n  factors: Federal Guidance Report No. 12 

No. 56 (ICRP, 1990). 
1988). 
(USEPA, 1993). 
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To account for the possibility that uranium associated with Rocky Flats emissions may have 
experienced varying fractional uptakes from the gastrointestinal tract to the blood, ingestion DCFs 
for enriched and depleted uranium are represented by uniform distributions between values 
corresponding to fractional uptake values of 0.2 percent and 5 percent. Because DCFs for 
plutonium are given for only a single fractional uptake class (f, = 0.1 percent), the ingestion DCF 
for plutonium-239/240 is represented by a point estimate. 

The plutonium in Rocky Flats emissions that is represented as plutonium-239/240 contained both 
Pu-239 and Pu-240. To account for implications of this fact on exposures from contaminated 
ground surfaces and from immersion in contaminated air, associated DCFs are represented by 
uniform distributions between DCF values for Pu-239 and Pu-240. 

2.3 Characteristics of the Exposed Individual 

Chemical and radiation doses determined in the dose assessment are very much dependent on how 
the exposed individual is defined in terms of inhalation rate, ingestion rates of water and food, 
exposure patterns and dietary habits. For the purpose of this evaluation, the exposed individual 
is assumed to have the following characteristics: 

a An adult resident. 

a Exposed through all pathways identified in the Task 6 report (summarized later 
in this report in Table 3-1). 

e Air, water, food and incidental soil intake rates typical of those reported for the 
nation’s population. 

e Exposure characteristics, such as exposure frequency and the fraction of food that 
is contaminated, typical of those reported for the nation’s population. 

A more detailed description of exposure characteristics that define the adult resident modeled-in 
this report is provided in Appendix C. 

Human populations are diverse and heterogeneous; they consist of individuals belonging to 
different age groups with different physiological and exposure characteristics. Since exposure 
characteristics and time of exposure of a specific individual can vary from those being modeled 
in this assessment, actual doses received by that individual are also expected to be different. 
Some of the factors that may affect the magnitude of the differences in dose estimates are 
discussed in the following sections. 
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Resting Light Moderate Heavy 

Infants, 0-3 months 0.05 0.2b NA NA 

Child, age 6 0.4 0.8 2.0 2.4 

Child, age 10 0.4 1 .o 3.2 4.2 

Average adult 0.5 0.6 2.1 3.9 - - 

Chemical and Radiation Bses  

The age at which a specific individual was exposed may result in a higher or lower dose than 
that estimated for the adult modeled in this assessment. For example, the volume of air inhaled 
by adults is generally higher than that of children. The range of inhalation rates observed in a 
human population based on survey results has been published by the U.S. EPA and is presented 
in Table 2-2. It indicates that for a given activity level, inhalation rates of children and adults 
are similar, but they are substantially higher than the inhalation rate of an infant. If we assume 
an adult or a child spends 16 hours performing light activity and 8 hours resting, their average 
inhalation rate would be about 5 to 8 times higher than an infant who spends 8 hours in light 
activity and 16 hours resting. The difference in inhalation rate is expected to be even greater 
if an adult performs moderate or heavy activity. As a result, inhalation dose of the adult 
estimated in this report can be as much as 5 to 8 times higher than that of an infant. 

TABLE 2-2 

SUMMARY OF HUMAN INHALATION UTES FOR ADULTS, 
CHILDREN. AND INFANTS BY ACTIVlTY LEVEL (m3 Id)' 

Similar to inhalation rates, the amounts of water and food ingested daily by adults are also 
generally higher than those for children. Estimates of average daily intake of various foods for 
several age groups have been compiled by the National Council on Radiation Protection and 
Measurements (NCRP, 1984). Some of these estimates have been reproduced in Table 2-3. In 
most cases, the intake rate for an adult is approximately 2 times greater than for a young child 
and often up to a factor of 10 greater than for an infant. In a few cases, however, the intake 
rates for an infant or young child are equal to or greater than that of an adult (e.g., milk 
ingestion). 
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Another factor that will affect the magnitude of an ingestion dose is the fraction of material 
absorbed by the gastrointestinal tract (fl). Gastrointestinal absorption of some radionuclides may 
be higher by up to a factor of 10 for newborns and infants than for adults (ICRP, 1989). A 
higher absorption factor is generally associated with a higher ingestion DCF. These absorption 
rate differences are based on animal studies in which increased absorption and intestinal retention 
in newborns were observed. This enhanced gut absorption progressively decreases with 
increasing age, reaching adult values by about the time of weaning in most cases. Therefore, 
the ICRP report suggests that, for most radionuclides, the fl values for the adult can be applied 
to children of 1 year of age or older. 

A higher ingestion DCF for infants generally does not result in a higher estimate of radiation 
dose, because it is counterbalanced by lower intake rates of water and food. Milk ingestion is 
an exception, because an infant consumes more milk than an adult. Therefore, with the 
exception of the milk ingestion pathway, ingestion doses for the adult modeled in this report are 
likely to be higher than those of a child or infant. 

TABLE 2-3 
ESTIMATES OF AVERAGE DAILY INTAKE OF VARIOUS FOODS BY AGE' 

.. 
Age (Ye=) 

Food 
Infant (< 1) Child (1-11) Adult (> 18) 

Milk, fluid (ml d*) 696 542 26 1 

In addition to age, the activity level of an individual can also affect the magnitude of the 
estimated dose. For example, inhalation rate can vary significantly even for two persons within 
the same age group. For example, a manual worker who spends most of the day performing 
moderate to heavy activity is likely to have an inhalation rate 2 to 3 times higher than a person 
who spends most of the day resting or performing light activity. Contaminant dose received by 
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an individual as a result of inhalation exposure is directly proportional to inhalation rate. 
Therefore, the inhalation dose of an adult resident provided in this report can be 2 to 3 times 
lower than that of an outdoor worker. 

. .  osure C- Food SQUKUS 

Doses of chemicals and radionuclides received by individuals within an age group can also be 
different due to different exposure durations and exposure characteristics. In this assessment, 
the exposed person is assumed to be a resident in the vicinity of Rocky Flats who was exposed 
to contaminants in the environment for a great portion of the day. Dose estimates associated 
with inhalation exposure determined for this person are likely to be up to a factor of 3 higher 
than that of an office worker who worked at the same location, but was only exposed 8 hours 
a day. Furthermore, homegrown vegetables and beef and milk products raised locally are 
assumed to constitute a significant portion of the adult resident's diet in th is  report. Dose 
estimates associated with food ingestion pathways determined in this report are also likely to be 
hgher than for those individuals who rely mostly on products grown or raised outside of the 
contaminated area. 

Another factor that can affect the amount of chemical and radiation dose received by an 
individual is the time of exposure. Over the operational history of the plant, there have been 
several accidental releases and changes in the amount of chemicals and radionuclides released 
into the atmosphere as a result of routine operations. For example, annual emission rates of 
plutonium and uranium isotopes were higher in the 1960s than the 1970s. A person who was 
exposed at a particular location in the vicinity of Rocky Flats between 1961 and 1970 is likely 
to have received a higher radiation dose than someone who lived at the same location between 
1971 and 1980. 

- 

In conclusion, there are many ways in which intake rates, activity levels, exposure duration, 
exposure characteristics and time of exposure of individuals in a population can differ. The dose 
estimates determined in this report can therefore only be used to indicate the doses likely to have 
been received by an individual with the intake, behavior, and exposure characteristics that we 
have identified. For other individuals, doses may be up to a factor of 10 higher or lower than 
those determined in th is  report. 
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3.0 AIRBORNE RELEASES 

Routine operations at Rocky Flats in the past resulted in the release of all of the contaminants 
shown in Table 1-1 to the atmosphere. For the radionuclides and beryllium, these routine 
releases were measured in the plant's exhaust air by an elaborate monitoring system. A critical 
review of the data from this system formed the basis of the annual release estimates developed 
for these materials in the Task 5 report (ChemRisk, 1994~). For the remaining contaminants, 
all volatile organic compounds, routine releases were not monitored, and a variety of sources of 
information were relied upon to estimate a range of release quantities believed to include the 
actual amount of chemical that the plant released for a particular year. 

Contaminants were also released to the atmosphere as a result of three major accidents: the 903 
Pad release, the 1957 fire and the 1969 fire. Estimates of contaminant releases associated with 
these accidents were developed in Task 6 based on environmental monitoring data. 

Chemical and radiation doses to a defined individual associated with routine and accidental 
airborne contaminant releases from the plant are estimated by performing the following activities: 

(1) 

(2) 

(3) 

Defining where people may come into contact with contaminants 
(exposure points), 
Identifying how people may come into contact 
with contaminants (human exposure routes), 
Estimating contaminant concentrations in air, soil and 
food at locations where human exposure 
takes place (exposure point concentrations), and 

(4) Developing an exposure model. 

Figure 3-1 shows the relationship of these four steps in the dose assessment. Information used 
in this process has been developed in project tasks 1 through 7. Human exposure pathways 
considered important to the Rocky Flats area were identified in Task 6 .  An exposure model was 
constructed in Task 6 for the identified pathways that is used in this task to determine chemical 
and radiation doses received by the exposed individual. Contaminant concentrations in air, soil 
and food products at the exposure points are determined from release estimates developed in 
Task 5 and air transport model results presented in Task 6 .  Since there are uncertainties 
associated with the release information and model predictions, efforts have been made throughout 
the project to identlfy and quantify these uncertainties. In the following sections, the approach 
and methodology for performing each step in the dose estimating process are presented, including 
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sources of information and bases for all assumptions. Where helpful, examples are provided to 
illustrate the dose estimating process. More specific and detailed descriptions, including 
equations and numerical results, are provided in a series of appendices to this report. 

3.1 Definition of Exposure Points 

An exposure point is the location where an individual comes into contact with contaminated 
media such as air, soil, water and food. The identification of exposure points is important, 
because the dose received by an individual depends greatly on where the individual is exposed. 
For example, contaminant concentrations in air and soil in areas downwind or close to the plant 
are generally higher than in other areas. As airborne contaminants are transported away from 
the plant, air concentrations decrease due to dilution and deposition onto the ground or other 
objects. Also, because contaminants in off-site soil were deposited from the air, concentration 
patterns of contaminants in these two media are similar. Therefore, an individual located 
downwind or close to Rocky Flats is likely to have received a higher dose through inhalation and 
soil ingestion than another person who is upwind or far away from the source. For food stuffs, 
it is the location where the food was grown as well as consumed that must be considered. 
Vegetables grown in one location may be consumed by someone at the same location, but they 
can also be transported away from where the vegetables were grown and consumed by 
individuals at several different locations. For the purpose of this assessment, the location where 
food stuffs are grown or raised is assumed to be the same location where the food is consumed. 
The exposure points used in this dose assessment are defined below. 

There are many locations where individuals around Rocky Flats could have been exposed during 
the operational history of the plant. A study area that represents the area mGst highly impacted 
by historical plant releases was identified and then divided into smaller areas over which potential 
exposure is expected to have been relatively uniform. For the purpose of this evaluation, an area 
between 2 and 10 miles from the center of the plant was considered the primary study area. 
However, to the west of the plant, the study area extends only as far as the dramatic increase 
in elevation associated with the front range of the Rocky Mountains, which occurs approximately 
4 miles due west from the center of the plant. 

This primary study area was chosen, because 1) land-use information from the Task 7 report 
indicates that few people ever lived less than two miles from the center of the plant or in the 
mountainous areas directly west of the plant, 2) air dispersion models used for these analyses do 
not accurately predict contaminant concentrations in the mountainous areas, and 3) the accuracy 
of currently available air dispersion models has only been validated for distances up to about 10 
miles and their accuracy is believed to be reduced at greater distances (typically models are 
believed to overestimate concentrations at distances greater than 10 miles). The study area from 
2-10 miles encompasses over 300-square miles and represents a large number of possible 
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exposure locations. This study area was therefore partitioned into smaller geographical areas, 
or sectors, within which contaminant concentrations in various environmental media are assumed 
to be the same as those calculated for a single point in the center of the sector (i.e., the centroid). 

The size of the sectors used for the study is dependent on the nature of the airborne contaminant 
release, which influences its distribution in the environment. For example, routine releases 
occurred throughout the year and were subjected to the full range of environmental conditions 
at the site that tend to fairly uniformly distribute contaminants in the vicinity of the plant. 
Similarly, releases from the 903 Pad are believed to have occurred over a period of 5 years, and 
were distributed in all directions, but predominantly to the southeast of the plant. Consequently, 
the study area can be divided into relatively uniform sectors in all directions around the plant for 
the evaluation of these releases. In contrast, the 1957 and 1969 fues both lasted less than 20 
hours and were mfluenced by specific, short-term meteorological conditions. The distribution 
of contaminants from these two release events is more irregular, requiring the use of a different 
approach. 

For the evaluation of routine airborne releases, the study area was divided into 12 sectors (Figure 
3-2). In order to assess the variation of predicted air concentrations within each sector, the 
predicted air concentration at the centroid of each particular sector was compared to the 
predicted air concentrations at each comer of that sector. An example of this comparison is 
shown in Figure 3-3. For the routine releases, the variation within the 12 sectors is generally 
a factor of 2 to 3.  Since it was expected that the variation within sectors would be somewhat 
higher for the 903 Pad releases, the 12 sectors were further divided into 24 subsectors (Figure 
3 4 ) .  The variation within these subsectors is generally within a factor of 3 or 4. A detailed 
evaluation of the variability within the identified sectors and subsectors is presented in 
Appendix D. 

For the 1957 and 1969 fires, the variation between predicted values at the centroid and the 
comers of the-sector often exceeded a factor of 50, even after dividing the primary study area 
into 24 subsectors (see Appendix D). This level of variation suggested that, even within a 
relatively small subsector, one individual may have been greatly affected by releases from the 
fires while another person located in the same sector just one-quarter to one-half mile away may 
have been largely unaffected. Instead of further dividing the subsectors to decrease the variation, 
we have chosen to characterize the exposures that would have occurred along the center-line of 
the predicted contaminant plume(s) (ie. ,  the highest concentrations at a particular distance from 
the source). 
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Figure 3-5 shows an extended view of the predicted concentration isopleths for the 1957 fire. 
This figure clearly shows two isopleths extending to the east and southeast from the plant. When 
looking at this figure, it is important to keep in mind that our confidence in the model predictions 
decreases considerably for distances greater than 10 miles from the plant. Figure 3-6 shows the 
predicted concentration isopleths within the identified study area and the identified exposure 
locations for which doses are calculated along the center-line of each plume. Figure 3-7 shows 
an extended view of the predicted concentration isopleths for the 1969 fire.The concentrations 
of the isopleths shown are the same (i.e., 0.1 and 0.01 pCi m-3) as those shown for the 1957 fire. 
By comparing Figure 3-7 to Figure 3-5, it is clear that, for a given concentration, emissions from 
the 1957 fire extended further than those from the 1969 fire. Figure 3-8 shows the predicted 
concentration isopleths within the study area and the exposure locations for which doses are 
calculated for evaluating releases from the 1969 fire. 

Another factor that had to be considered when selecting exposure locations was terrain. As 
discussed in the Task 6 report, all of the air dispersion models used in this assessment are 
designed to predict off-site airborne concentrations at elevations approximately equal to or below 
the release source. The areas directly north, east, and south of Rocky Flats within the 10-mile 
study area are characterized by a series of hills, valleys and gulches, but are generally at or 
below the elevation of the release sources. However, the front range of the Rocky Mountains 
lies approximately four miles west of Rocky Flats. Sudden changes in altitude of lo00 feet or 
more are not uncommon in this area. As a result, the model predictions generated in the Task 
6 report for areas greater than 4 miles due west of Rocky Flats are not used for this dose 
assessment. Figure 3-9 shows the identified sectors and subsectors in relation to the front range. 
As can be seen in the figure, portions of Sectors 6, 7, 10 and 11, designated for the evaluation 
of routine airborne releases, lie within the front range. As such, the dose estimates for these 
sectors based on the predicted airborne concentration at the centroid are assumed to apply only 
to those portions that lie outside the dramatic change in elevation associated with the front range. 
For the evaluation of releases from the 903 Pad, Subsectors 6B, 7A, 10A and 11B also partially 
lie within the front range. Similar to the routine releases, dose estimates for these subsector; 
based on the predicted airborne concentration at the centroid are assumed to apply only to those 
portions that lie outside the front range. Dose estimates are not determined for the two 
subsectors, 10B and 1 lA,  lying completely within the front range. The contaminant plumes for 
releases from the 1957 fire are predicted to have extended east and southeast from the plant and 
do not include the areas in the front range. For the 1969 fire, one of the contaminant plumes 
extended southwest from the plant, and the furthest exposure point identified along this plume 
falls within the front range. As such, a dose estimate was not determined for this location. 
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In addition to the sector centroid locations, three "remote" population centers beyond the 10-mile 
study area were also selected for the purpose of exposure evaluation. Even though the reliability 
of the air dispersion model results will decrease beyond 10 miles (i.e., the model is believed to 
overestimate the actual contaminant concentrations), the addition of these points allows us to 
make some statements with regard to the potential exposure of the large populations in the 
vicinity of Rocky Flats. Ten population centers, Arvada, Boulder, Broomfield, Golden, 
Lafayette, Leyden, Louisville, Superior, Westminster, and Wheat Ridge, are located partially 
or totally within the study area and exposures can therefore be estimated for these areas using 
the previously defined sectors. 

Additional exposure points were selected in the cities of Denver, Lakewood, and Longmont. 
These cities are shown in Figure 3-10, and the distances and directions fiom Rocky Flats of the 
selected exposure points are given below: 

Denver: 16 miles southeast of the plant (corresponds approximately 
to the Denver Civic Center) 

Lakewood: 12 miles south-southeast of the plant (corresponds 
approximately to Sunset Park, which is north of the 
Denver Federal Center) 
20 miles north of the plant (corresponds approximately to 
Sunset Park, which is south of 9th Avenue) 

Longmont: 

3.2 Identification of Human Exposure Pathways 

Human exposure pathways are the routes through which an individual may come into contact 
with a radionuclide or chemical in the environment. Exposure pathways that are relevant to the 
Rocky Flats region were identified in Task 6 and are shown graphically in Figure 3-11. The 
process of identifying important pathways considered the nature of release, hydrogeology of the 
site, chemical and physical properties of the contaminants of concern, migration potential of the 
contaminants in the environment, and the life-style and activities of the exposed population. As 
explained in the Task 6 report, not all identified exposure pathways are relevant to all 
contaminants of concern. For example, immersion and ground exposure are only applicable to 
radionuclides which emit gamma radiation and food-related pathways are only applicable to non- 
volatile materials. Exposure pathways that are quantitatively evaluated in the dose assessment 
for each of the contaminants of concern are listed in Table 3-1. 
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TABLE 3-1 

POTENTIALLY IMPORTANT PATHWAYS FOR THE CONTAMINANTS OF CONCERN 

Air Medium 
Pathway Material of Concern 

Air - Humans (Inhalation) Solvents, Be, Am. Pu. U. Tritium 

Am, Pu, U 

Be, Am, Pu. U . 

Air - Humans (Immersion) 

Air - Livestock - Humans (Ingestion) 

Air - Vegetation - Humans (Ingestion) Be, Am, Pu, U 1 
Air - Vegetation - Livestock - Humans (Ingestion) Be, Am, Pu, U I 
Surface Water Medium 
Pathway Material of Concern 

Water - Humans (Ingestion) Pu, U, Tritium 

Soil/Sediment Media - -  
Pathway Material of Concern 

Soil/Sediment - Humans (Ingestion) Be, Am. Pu, U 

Am, Pu, U 

Be, Am, Pu, U 

Be, Am, Pu, U 

Be, Am, Pu, U 

Be, Am, Pu, U 

Am, Pu, U 

Soil/Sediment - Humans (Ground Exposure) 
, 

Soil - Livestock - Humans (Ingestion) 

Soil - Vegetation - Humans (Ingestion) 

Soil - Vegetation - Livestock - Humans (Ingestion) 

Soil/Sediment - Air - Humans (Inhalation) 

Soil/Sediment - Air - Humans (Immersion) 

Solvents = Carbon Tetrachloride, Chloroform, Methylene Chloride, Tetrachloroethylene, 

Am = Americium-241 
Be = Beryllium 

U = Uranium-234, 235, 238 

1,l. 1 -Trichloroethane. Trichloroethylene 

Pu = Plutonium-239, 240 

50 
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3.3 Estimation of Exposure Point Concentrations 

As described in the previous section, many exposure pathways were identified as potentially 
important for the contaminants released by the plant and warrant further study. However, to 
quantitatively evaluate the identified pathways, contaminant concentrations in the appropriate 
environmental media must be determined. For instance, contaminant concentrations in air are 
necessary for the evaluation of inhalation and immersion exposures, while the contaminant 
concentrations in soil are necessary for the evaluation of ground exposure, incidental soil 
ingestion and various food ingestion pathways. In this section, the determination of contaminant 
concentrations in air and soil at the identified exposure points is discussed. 

During the 1950s and 1960s, ambient air monitoring efforts at the plant were sporadic and 
focused mainly on alpha emitting radionuclides such as plutonium-239/240 and uranium-234/235. 
Some limited monitoring of tritium and beryllium occurred, but virtually no monitoring data are 
available on the organic solvents. Furthermore, as most of the sampling locations do not 
coincide with the exposure points defined in Section 3.1 and contaminant concentrations in air 
would be expected to change over distance, the dose assessment in this report relies on air 
dispersion model predictions. Two different approaches were used to model routine and 
accidental airborne releases; they are discussed separately in the following sections. 

3.3.1 Determination of Air and Soil Concentrations Associated with Routine Airborne 
Releases 

Off-site air concentrations for routine releases are predicted based on the estimated annual 
emission rates of the contaminants of concern. Over the operational history of the plant, there 
have been changes in production rate, weapon design and material usage, and improvements in 
contaminant control technology. With these changes, there were corresponding changes in the 
magnitude of airborne releases of chemicals and radionuclides. Figure 3-12 graphically presents 
estimated annual emissions of plutonium to the atmosphere due to routine operations from 1953 
to 1989 (ChemRisk, 1994~). The highest release occurred in 1965 and is about 100 to 1000 
times higher than releases between 1971 and 1989. Similar but less dramatic changes in annual 
emission rates are also observed for other contaminants of concern. In order to reflect this 
temporal change in emission rates, annual average contaminant concentrations in air and soil are 
determined in this dose assessment. 
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Off-site air concentrations at various exposure points are predicted for each of the 37 years. For 
each contaminant, the annual average air concentration at an exposure point in a particular year 
can be calculated by scaling the result of air dispersion modeling that was based on a unit release 
rate of 1 mCi y-* or g y-' by the actual annual emission rate for that year (i.e., the source term). 
There are uncertainties in both the dispersion model predictions and contaminant source terms 
that must be carried through to the predicted air concentration. A technique for propagating 
multiple uncertainties, known as Monte Carlo simulation, is used to accomplish this. A more 
complete description of error propagation and Monte Carlo simulation is presented in Section 
3.5. 

Soil concentrations are estimated using the predicted contaminant concentrations in air and a 
deposition model that considers both dry and wet deposition. Since there is additional 
uncertainty in the deposition model, Monte Carlo simulation is again used in producing estimates 
of soil concentrations and associated uncertainties. 

For the purpose of this dose assessment, a contaminant deposited onto the ground surface is 
considered to be in either a surface soil compartment or a bulk soil compartment. In each case, 
deposited contaminants are assumed to be uniformly distributed within that compartment. In the 
surface soil compartment, all of the deposited material is assumed to be confined to a layer of 
soil that extends from the ground surface to a depth of 1 cm. Contaminants in surface soil (in 
pCi kg-' for radionuclides or pg kg" for chemicals) are considered to be available for soil 
ingestion, milk and beef ingestion and exposure pathways related to soil resuspension. 
Radionuclides in the surface soil compartment are also considered to be associated with the 
ground exposure pathway. 

The bulk soil compartment is considered to include the root system of a plant and is defined as 
the soil layer that extends from the ground surface to a depth of 25 cm. Contaminants in bulk 
soil (in pCi kg-' for radionuclides or pg kg-' for chemicals) are considered to be relevant to the 
calculation of doses associated with wheat, vegetable, milk and beef ingestion. 

During routine airborn-e releases, contaminants were continuously deposited onto the ground, 
resulting in a gradual build-up of contaminant concentrations in both the surface soil and bulk 
soil compartments. In reality, contaminants are also slowly removed from the soil layers by the 
action of water infiltration and other transport mechanisms. However, because of the extremely 
low water solubilities of americium, beryllium, plutonium and uranium, infiltration loss of these 
materials from the surface and bulk soil compartments is not considered in this evaluation. This 
assumption will tend to overestimate contaminant concentrations in soil and leads to an 
overestimation of doses received through soil-related exposure pathways. The determination of 
contaminant concentrations in air and soil at various exposure points is discussed in detail in 
Appendix E. 
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3.3.2 Determination of Air and Soil Concentrations from Accidental Airborne Releases 

The approach to the evaluation of accidents differs from that used for routine releases. Each 
accident is evaluated as a single event with a dose estimate associated with the accidental release 
itself and another dose estimate associated with exposure to the residual contamination in the 
environment after the release ended. For example, for a given location, a single dose estimate 
will be provided for the 1957 fire (Sv/event). However, even though the 1957 fire lasted only 
13.5 hours, 'it is assumed that plutonium particles that deposited onto the ground surface as a 
result of the accident stayed on the ground surface indefinitely. Under this assumption, a person 
can be exposed to the deposited material through soil-related exposure pathways in 1970 or even 
1980. Furthermore, because it is conservatively assumed that the deposited plutonium was not 
removed by any loss mechanism, soil concentrations do not change with time. As a result, 
pathway-specific doses determined for 1970 and 1980 would be the same. For this reason, 
radiation doses associated with exposures after the actual accident release ended are presented 
on a yearly basis (Sv/year) and can be applied to any year after the accident. The one exception 
to this rule is americium-241, since the concentration of this material continues to increase with 
time as a result of the decay of plutonium-241. 

The method of estimating contaminant concentrations in air and soil as a result of the accidents, 
i.e., the 1957 fire, the 1969 fire and the 903 Pad, is also different from the method used for 
routine airborne releases. As described in the Task 6 report, the quantity of contaminant 
released in each accident was determined by using air dispersion models and air, soil and/or 
vegetation monitoring data collected during and immediately after the event. The predicted air 
concentrations at various exposure points were determined based on the estimated source terms 
and can be used directly in the dose assessment. 

The 1957 and 1969 fires lasted less than 20 hours. Because of the relatively short duration of 
these release events, only inhalation exposure is considered relevant in the evaluation of off-site 
exposures during the event itself. Soil-related exposure pathways, such as soil ingestion and 
ingestion of agricultural products, become relevant after the fires were extinguished. In order 
to address these other pathways, plutonium-239/240 concentrations in soil resulting from the two 
fires must be determined. As was the case for routine airborne releases, a deposition model is 
used in conjunction with the predicted air concentrations. Investigations of the meteorological 
conditions during the fires show that there was no rain or snow during either fire. As a result, 
the deposition model used for these two events does not consider wet deposition. A detailed 
description of the determination of soil concentrations as a result of the 1957 and 1969 fires is 
presented in Appendix F. 
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As discussed in the Task 6 report, the Fugitive Dust Model (FDM) provides both air and soil 
concentration predictions associated with the 903 Pad release. As with the modeling results for 
the 1957 and 1969 fires, the predicted air concentrations can be used directly in the dose 
assessment. However, the soil concentrations predicted by the model. are areal concentrations 
(i.e., in pCi m-?) and are not consistent with the surface soil and bulk soil compartments described 
above. As a result, a series of calculations was performed to convert the modeling results to the 
appropriate units. These calculations are described in detail in Appendices G (plutonium- 
239/240) and H (americium-241). 

3.4 The Project Exposure Model 

Chemical and radiation dose estimates provided in this report are determined through the use of 
an exposure model. The model initially described in the Task 6 report is used in this task to 
predict the movement of contaminants among environmental media and uptake of contaminants 
by humans. It includes all of the exposure pathways that were identified as being potentially 
important for the contaminants released from Rocky Flats. The exposure pathways associated 
with contaminants released into the air include inhalation, immersion, ground exposure, ingestion 
of agricultural and dairy products raised in contaminated areas and incidental ingestion of 
contaminated soil. As mentioned previously, not all pathways are applicable to all contaminants. 
The same can be said for the different release events. Table 3-2 presents exposure pathways that 
are evaluated for each release event. 
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TABLE 3-2 

EXPOSURE PATHWAYS EVALUATED FOR VARIOUS RELEASE EVENTS 

~ 

Routine airborne release of radionuclides 

Soil ingestion 
Ground exposure 

Immersion and inhalation exposure to direct releases and resuspended soil particles 

Wheat, vegetable, beef and milk ingestion 

Routine airborne release of chemicals 

Inhalation 

Airborne release of radionuclides from the 1957 and 1969 fves 
Inhalation exposure during the accident 

Airborne release of radionuclides directly from the 903 Pad (1965 - 1969) 

Soil ingestion 
Groundexposure 

Immersion and inhalation exposure to direct release and resuspended soil particles 

Wheat, vegetable, beef and milk ingestion 

Airborne release of radionuclides (resuspension) after the covering of the 903 Pad (1970 - 1989), 
after the 1957 fire, and after the 1969 fre. 

Soil ingestion 
Ground exposure 

Immersion and inhalation exposure to resuspended soil particles 

Wheat, vegetable, beef and milk ingestion 

In the exposure model, every exposure pathway is represented by an equation. For example, 
human uptake of an airborne contaminant through inhalation is modeled by an equation that takes 
into account the predicted contaminant concentration in air, the inhalation rate of the exposed 
individual, the fraction and length of time the person is exposed to contaminated air and how 
much time the person is indoors or outdoors. As discussed in Section 2.2, when the contaminant 
is a radionuclide, the exposure equation also includes a dose conversion factor to convert the 
intake of the contaminant to radiation dose. Exposure equations used in this task for the 
determination of chemical and radiation doses are presented in Appendix I. Although the 
exposure model identifies equations for all pathways, only those that are applicable are used 
when evaluating a particular contaminant or release event. 

< 

Input parameters, such as inhalation rate and fraction of time exposed, are essential components 
of an exposure pathway. However, there is often considerable uncertainty in estimating the 
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values of input parameters. Instead of assigning a single value to a parameter, probability 
distributions are used in this assessment to describe most of the input parameters. For example, 
the volume of air inhaled by an adult is estimated to be somewhere between 9 and 29 m3 d-' with 
a most probable value (ie. ,  a best estimate) of 20 m3 d-'. The probability distribution for the 
volume of air inhaled is graphically presented in Figure 3-13. Probability distributions assigned 
to other parameters based on site-specific information, scientific literature values or subjective 
judgements of experts are tabulated in Appendix J.  The uncertainties of the parameters, as 
quantified by probability distributions, can be propagated through the exposure equations to 
provide an estimate of uncertainty in the final dose estimate. This process is discussed in detail 
in the following section. 

3.5 Estimation of Chemical and Radiation Doses and Associated Uncertainties 

In this assessment, dose estimates are determined using the predicted contaminant concentrations 
in air and soil as described in Section 3.3 and the exposure model'described in Section 3.4.  
However, since some uncertainty is associated with the predicted air and soil concentrations and 
parameters of the exposure model, the determination cannot be carried out by simple arithmetic. 
Several techques are available for propagating uncertainties. A technique called Monte Carlo 
simulation, which is most frequently used in this assessment to propagate uncertainties, is briefly 
described in this section. A more detailed description of Monte Carlo simulation is provided in 
Appendix K. 

A simple equation like the one shown below can be used to illustrate how Monte Carlo 
simulation may be used to propagate uncertainties in the input parameters of the equation. 

A = B X C  

When the exact values of parameters B and C are known, A can be calculated by simply 
multiplying B by C. This is also known as a point estimate or deterministic calculation, because 
it produces a single value of A. However, when there are uncertainties associated with 
parameters B and C, A cannotbe determined by multiplying B by C. Figure 3-14 shows how 
Monte Carlo simulation can be used to propagate the uncertainties in B and C 
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through the equation and produce a probability distribution of A. 
into three' steps. First, many values of each parameter are selected 
distribution of the parameter. 

Second, the selected values of parameter B are randomly paired 

The process can be divided 
according to the probability 

with the selected values of 
parameter C. Lastly, the paired values are multiplied together consistent with the equation to 
produce an estimate of A. For example, if 500 pairs of parameter B and C are selected, Monte 
Carlo simulation would produce 500 estimates of A. These estimates can be arranged 
numerically to provide a probability distribution of A as shown in Figure 3-14. 

3.6 Dose Estimates Associated with Airborne Releases 

The dose estimates associated with airborne releases from the Rocky Flats Plant are presented 
in a series of tables in Appendix L. The dose estimates for routinely released materials are 
presented first, followed by the dose estimates for materials released from the 903 Pad and the 
1957 and 1969 fires. As discussed in the preceding sections, there are uncertainties associated 
with the predicted air and soil concentrations and the parameters of the exposure model. These 
uncertainties were propagated through the exposure equations to provide an estimate of the 
uncertainty in the final dose estimates. The process results in a distribution of dose estimates 
that can be characterized by the geometric mean (GM) and the geometric standard deviation 
(GSD) of the distribution. For the purposes of this analysis, the best estimate of dose is 
represented by the GM. The uncertainty in the best estimate is dependent on the GSD, and can 
be represented by lower and upper bounds. These bounds describe our level of confidence that 
the true but unknown value is within the described range. The 95 percent confidence interval 
about the best estimate (i.e., we are 95 percent confident that the true but unknown dose estimate 
falls within this interval) is equal to the best estimate multiplied the square of the GSD, i.e., GM 
x GSD' (upper bound), and the best estimate divided by the square of the GSD, i.e., GM + 
GSD2 (lower bound). 

As discussed in Section 2.2, the radiation doses presented in this analysis are expressed in terms 
of effective dose. This represents the overall health impact of radiation on the human body and 
is based on certain assumptions regarding doses to specific organs and their potential health 
consequences (see Appendix A). Radiation dose can also be calculated for individual organs 
(ie., equivalent dose). Organ-specific doses can be significantly different from whole body doses 
for certain radionuclides that target a particular organ in the body, e.g., radioiodine and the 
thyroid. In other cases, a radionuclide does not target one specific organ, and radiation doses 
to different organs are reflected in a weighted fashion in the effective dose. A discussion of the 
relationship between equivalent doses to 21 organs from inhalation and ingestion of plutonium- 
239 and associated effective doses is provided in Appendix M. Equivalent doses for specific 
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organs are generally no more than a factor of ten greater than the effective dose, and the 
equivalent doses for the remaining organs are generally equal to or less than the effective dose. 
This relative similarity between equivalent doses and the effective dose is also observed for the 
other radionuclides evaluated in this report. 

The dose assessment results presented in Appendix L describe the range of estimated chemical 
and radiation doses received by the exposed individual described in Section 2.3 throughas many 
as 10 pathways at up to 25 locations as a result of airborne releases of 12 contaminants over part 
or all of the 37-year operational history of the plant. There are many ways to summarize or 
evaluate this vast quantity of information. The following sections suggest several ways to 
interpret and understand the results. 

3.6.1 Interpretation of Results 

One approach to understanding a large volume of data is to graphically compare or summarize 
the data such that literally thousands of numbers are condensed into a more digestible form. The 
following interpretations of the Phase I results depend on comparisons of the estimated dose 
associated with one pathway or contaminant with another dose for the same contaminant or any 
other contaminant. Since a unifying system has been developed for quantifying doses of 
radionuclides, radiation doses can be summed across routes of exposure and contaminants. The 
same cannot be said for the chemical doses presented in this report. As discussed in Section 2.1, 
chemical dose is expressed in terms of the amount of contaminant taken up by an individual over 
a period of time. Unfortunately, the chemical dose associated with one pathway cannot generally 
be summed with the chemical dose for another pathway, since a chemical may be more or less 
toxic through a particular route of exposure. Similarly, the chemical dose associated with one 
contaminant cannot be summed with the chemical dose for another contaminant, because one 
chemical may be more or less toxic than another. As a result, the magnitude of a chemical dose 
for a particular pathway or a particular contaminant may not be proportional to the potential 
health hazard it poses. Because of this limitation, the chemical doses presented in the tables in 
Appendix L cannot be further summarized until some measure of toxicity is taken into account. 
With the exception of some illustrations of risk or health hazards presented later in the report, 
further interpretation of the chemical doses is beyond the scope of these Phase I studies and the 
interpretation of these doses will be addressed in detail as part of Phase 11 of the health studies. 
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3.6.1.1 Relative Importance of Exposure Pathways 

, 

One potentially important question that can be answered by the Phase I results is the relative 
importance of the various exposure pathways identified for radionuclides. While 10 pathways 
were identified in the Task 6 report as being complete for the radionuclides, in many cases only 
one or two exposure pathways are the dominant contributors to the total dose received. Figure 
3-15 represents the dose estimates associated with the routine release of plutonium-239/240 in 
1960 for the centroid of Sector 12. This sector is located southeast of the plant, the primary 
downwind direction, and corresponds to an area where a considerable number of people could 
have been exposed. 

Since the predicted dose estimates span several orders of magnitude (an order of magnitude is 
the same as a factor of lo), the data are presented in two ways. The graph on the left-hand side 
of Figure 3-15 shows the pathway-specific doses in what is referred to as linear scale, while the 
graph on the right-hand side of the figure shows some of the pathway-specific doses in what is 
referred to as logarithmic (or log) scale. The numbers on the y-axis (vertical axis) are expressed 
in terms of scientific notation, a system in which a number is expressed as a product of a number 
and the appropriate power of 10. For example, 1 X 10” is the same as one-tenth (0. l),  1 x lo2 
is the same as one-hundredth (0.01), and so on. Scientific notation allows us to present very 
small or very large numbers in a neat and concise way (e.g., 1 X lo-’’ vs. 0.0000000001 or 
1 x 10” vs. 10,000,000,000). The primary unit of radiation dose used in this assessment is the 
sievert (see Section 2.2). The radiation doses presented in this and subsequent figures are 
expressed as microsieverts (pSv); 1 pSv is the same as 1 X 10“ Sv. Until recently, radiation 
doses were most commonly expressed in terms of millirem (mrem). 1 pSv is the same as 
0.1 mrem. 

Beginning with the left-hand graph, the best estimate of the inhalation dose is approximately 
8.1 X 10” pSv, which is the same as 0.0084 pSv, and the lower and upper bounds are 
approximately 1.7 X 10” (0.0017) pSv and 39 X 10” (0.039) pSv, respectively. The dose 
estimates for the remaining pathways are so small in comparison to those for inhalation that they 
appear to be equal to zero on the linear scale. Although this graph is sufficient to demonstrate 
that the inhalation pathway clearly dominates over the doses for the other pathways, it does not 
provide any information as to how much lower the other dose estimates are in comparison to 
inhalation. 

The log-scale graph on the right-hand side of Figure 3-15 represents a “blow-up” of the doses 
for all of the pathways except inhalation. Log scale allow us to show data that span several 
orders of magnitude on the same graph. As can be seen in this portion of the figure, the next 
largest pathway is vegetable ingestion. By comparing the data presented on both sides 
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of the figure, we can see that the best estimate of vegetable ingestion dose is approximately 
1.3 x 10‘ (0.00013) pSv or a factor of 62 lower than the best estimate of inhalation dose. 

Figure 3-16 presents the same infomation shown in Figure 3-15, but in a slightly different 
format. In this figure, the pathway-specific doses are again presented in both linear and log 
scales; however, the log scale is not shown as a “blow-up” from the linear scale, but as an 
entirely separate graph. Another difference is that the estimate of inhalation dose is presented 
in both scales. This presentation format makes it a little bit easier to compare the doniinant 
pathway to the other pathways, so this format is used in all subsequent figures presenting this 
type of information. Regardless of the format, both of these figures clearly indicate that the 
inhalation pathway dominates the total dose from the routine release of plutonium-239/240 during 
1960. Inhalation contributes over 95 percent of the total dose to an individual in Sector 12 
during 1960. It is important to keep in mind, however, that the relative importance of exposure 
pathways can change over time. 

Figure 3-17 presents the dose estimates for the same sector for routine plutonium-239/240 
releases during 1970 and 1980. By comparing the graphs presented in Figures 3-16 and 3-17, 
one can see that the relative importance of the soil-related pathways is increasing while the 
relative importance of the inhalation pathway is decreasing between 1960 and 1980. For 
example, as stated previously, the inhalation dose in 1960 was approximately 62 times higher 
than the next highest dose for vegetable ingestion. For 1970, inhalation dose in Sector 12 is 
approximately 29 times higher than the next highest pathway, that for inhalation of resuspended 
soil particles. By 1980, the inhalation dose (approximately 9.2 x 10” pSv) is less than 13 percent 
higher than the next highest dose (approximately 8.2 x IO-’ pSv for inhalation of resuspended soil 
particulates). This change in relative importance is due to the fact that the airborne release of 
plutonium-239/240 decreased dramatically over time and we have assumed that the removal of 
contaminants from soil is so low (i.e., assumed no loss from soil) that the concentration of 
plutonium-239/240 in soil continued to increase over time as a result of deposition. 

Just as the relative importance of exposure pathways can change over time for a single material, 
the relative importance of particular pathways may differ between con taminants. Figure 3-18 
presents the pathway-specific dose estimates associated with the routine release of 
plutonium-239/240 and enriched uranium in 1960 for the centroid of Sector 12. As can be seen 
in the figure, the only sigdkant pathway for both materials is inhalation; however, the relative 
magnitude of the remaining pathways differ. Looking at the log scale portion of the figure, 
vegetable ingestion is the next largest contributor to dose for plutonium-239/240 followed closely 
by inhalation of resuspended soil particulates. Both of these pathways are approximately 2 
orders of magnitude lower than inhalation. 
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For enriched uranium, vegetable ingestion is the next largest contributor to dose and is 
approximately 2 orders of magnitude lower than inhalation, followed by milk ingestion, which 
is about a factor of 2 lower than vegetable ingestion. 

3.6.1.2 Magnitude of Doses Relative to Proximity to the Rocky Flats Plant 

The above comparisons were based on dose estimates for a particular location. Another qtiestion 
that can be addressed by the Phase I results is how the magnitude of the dose estimates differs 
at different locations and distances from Rocky Flats. Figure 3-19 presents total dose estimates 
through all pathways associated with the release of plutonium-239/240 from the 903 Pad over 
1965-1969 for all 22 subsectors and the 3 remote locations. Doses are reported in t e r n  of the 
best estimate of the dose, in microsieverts (~SV) ,  with the 95 percent confidence interval about 
the best estimate in parentheses. As can be seen in the figure, the dose estimates decrease with 
increasing distance from the site. For example, the best estimate of dose for one of the 
innermost sectors, Sector 4B, is 72 pSv. Moving away from the plant in an east-southeasterly 
direction, the best estimate of dose for Sector 8B is 24 pSv, and, st i l l  further away from the 
plant, the best estimate of dose for Sector 12B is 9.1 pSv. Also, for a given distance, the dose 
estimates are highest east-southeast of the plant, which is the primary downwind direction. 

3.6.1.3 Relative Importance of Materials or Events 

Just as one or two pathways may be dominant over other pathways, the dose associated with one 
or more contaminants or events may be the dominant contributors to the total dose received from 
all contaminants and events combined. Figure 3-20 presents the highest dose estimates for a 
particular year (routine releases) or period (accidents) for the southeast quadrant (Le., Sector 12 
for routine releases, Sector 12B for 903 Pad and the east trending plumes for the 1957 and 1969 
fires). As can be seen in the figure, releases of plutonium-239/240 and americium-241 from the 
903 Pad and from the 1957 fire appear to dominate over the routine releases and the 1969 fire 
in this quadrant. Since releases from the 903 Pad and the 1957 fue traveled primarily southeast 
from the plant, this relationship will not necessarily be the same for the other three quadrants. 

If the 37 annual radiation doses associated with the routine releases are summed, comparisons 
can be made to assess the potential relative contributions of individual radionuclides and/or 
release events to the total dose a person present throughout the entire period of plant operations 
could have received. Figure 3-21 presents the total doses for each of the routinely released 
radionuclides and for the three accidents for the same locations described previously for Figure 
3-20. 
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Based on the results provided here, airborne release of plutoniUm-239/240 of 903 Pad origin 
during the period of 1970 to 1989 represents the largest contributor to the total dose that an 
individual living southeast of Rocky Flats during its entire operational history might have 
received. Other major contributors to the total dose are americium-241 of 903 Pad origin during 
the same period, plutoniUm-239/240 released during the 1957 fire, and plutonium-239/240 
released directly from the 903 Pad between 1965 and 1969. 
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---- Srgface Waterborne Relmes 

4.0 SURFACE WATERBORNE RELEASES 

Past plant operations resulted in the release of contamhnts into plant holding ponds and creeks 
that feed into off-site reservoirs and could have resulted in off-site exposures through surface 
water. A detailed review of the history of the surface waters surrounding Rocky Flats has been 
provided in the Task 5 report and is only briefly summan& - below. 

As discussed in the Task 5 report, available effluent data on surface waterborne releases from 
Rocky Flats were insufficient to develop direct estimate of release (ChemRisk, 19%). In 
addition, the metals of concern have extremely low water solubilities and are likely to be 
transported with suspended soil particles and sediments rather than being found dissolved in the 
water. Transport of contaminants on suspended sediments is affected by episodic events such 
as mechanical disturbances and periods of high flow rate. Modeling of such events requires the 
knowledge of time and duration of releases, amount of water in the system, and associated flow 
rates. This type of information is generally not available in sufficient detail to cany out 
modeling of sediment transport for Rocky Flats. Because of the lack of release data to support 
modeling and relatively large uncertainties associated with modeling of sediment transport, 
historical reservoir and drinking water monitoring data collected from cities near Rocky Flats 
are used to evaluate exposures associated with surface waterborne releases. 

The detailed evaluation of surface water contamination in the Task 5 report involved analysis of 
raw water monitoring data for Great Western Reservoir and Standley Lake and drinking water 
monitoring data for the cities of Broomfield and Westminster. As discussed in the Task 5 report, 
tritium concentrations in Broomfield drinking water were above background levels as a result of 
documented release events. In single-year fluctuations, the elevation of tritium concentration as 
measured by beta activity was as much as 8,100 pCi L-' (in 1973) and 5,000 pCi L-' (in 1974). 
It was also concluded that there were occasional Occurrences of elevated gross alpha radioactivity 
in Broomfield and Westminster drinking water. However, these single-year fluctuations of alpha 
activity were not inconsistent with levels often found in drinking water supplies unaffected by 
Rocky Flats releases, and it has not been established that the fluctuations in alpha radioactivity 
in Broomfield and Westminster drinking water were related to activities at Rocky Flats. Finally, 
there were insufficient data to make similar comparisons for beryllium. 

4.1 Screening Dose Assessment of Surface Waterborne Releases 

In order to evaluate the possible importance of annual fluctuations in radioactivity in surface 
waters, a screening dose assessment is performed. Based on the largest increases in radioactivity 
in drinking water identified for a few isolated years in the Task 5 and Task 6 reports, radiation 
doses associated with one-year exposures to contaminated drinking water are calculated. 
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In this assessment, it is assumed that an adult resided in an area serviced by Great Western 
Reservoir was exposed to the contaminants in surface water through the drinking water ingestion 
pathway. Dose received through ingestion of drinking water is determined by the exposure 
equation and parameters presented in Appendix I and J. For the purpose of this evaluation, it 
is conservatively assumed that the resident consumed 2 liters of contaminated water a day, 365 
days a year. Because of these conservative assumptions, dose estimates calculated in this section 
are likely to overestimate the actual doses received by the exposed population. 

The results of this screening-level evaluation are presented in Table 4-1. Radiation doses 
associated with one-year exposure to plutoniUm-239/240 and tritium contaminated drinking water 
are about 4 pSv. These doses are considerably lower than the highest doses associated with plant 
releases that are estimated for the areas between 2 and 10 miles southeast of the plant during the 
903 Pad or 1957 fire releases. 

TABLE 4-1 

SCREENINGLEVELDOSEESTfMATE!3ASSOCIATED 
WITH SURFACE WATERBORNE RELEASES 

Contaminant in Elevation of Radioactivity DCF for Estimated Dose 
Drinking Water Year in Water Ingestion (SV) 

(Pci L-9 (SV Bq-1)' 

Gross alpha activity 1966 1.5 9.7 x l o7  3 . 9 ~  

Plutonium-239/240 1973 0.15 9.7 x 3 . 9 ~  lod 

Tritium 1973 8100 1.6 x 10" 3.5 x lo4 

a DCF = Dose Conversion Factor, obtained from ICRP, 1990. 

The elevated gross alpha activities measured in drinking water samples are assumed to be associated 
with plutonium-239/240. This is a conservative assumption. Because a lower dose estimate would be 
calculated if the gross alpha activity is assumed to be either enriched or depleted uranium. 

NOTES: 

1) pci = W2cur ie  
2) L = liter 
3) Sv = Sieven; 1 Sv = 100 rem 
4) Bq = Becquerel; 1 curie = 3.7XlO" Bq 

0914CDJZ 
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5.0 ILLUSTRATIVE RISK EVALUATION 

The previous sections of this report have presented the methods used to estimate chemical and 
radiation doses that a person residing near Rocky Flats between 1953 and 1989 could have 
received as a result of plant operations, including accidents. Radiological Assessments 
Corporation, the Phase II contractor, will use this and other information that they independently 
gather to further rigorously investigate the primary sources of contaminant exposure for the 
public and describe potential health risks associated with these exposures. The purpose of this 
section is to illustrate how dose estimates, such as those presented in this report, can be used to 
describe potential health risks. It should be noted that several areas of uncertainty related to 
estimating potential health risks were beyond the scope of Phase I and have not been taken into 
account in this illustrative evaluation. As such, the selected examples presented in this report 
can only be construed as preliminary estimates of potential health ris&posed by Rocky Flats. 

The methods for estimating risk from chemical and radiation doses are different and are 
described separately in the following sections. 

5.1 Determination of Risks of Cancer and Other Chronic Health Effects from Exposure 
to Chemicals 

In this report, chemical dose is described simply as the amount of contaminant taken into the 
body (e.g., milligrams or mg). In the field of chemical risk assessment, chemical dose is more 
commonly presented in t e r n  of an amount of contaminant taken in per unit body weight per unit 
time (i.e., milligrams per kilogram per day or mg kg-' d'). In this form, chemical dose is more 
accurately described as a dose rate. Toxicity criteria have been developed by several regulatory 
agencies that can be used to translate estimates of chemical dose into estimates of health risk or 
hazard. Different criteria are used to evaluate noncarcinogenic and carcinogenic chemicals. The 
bases for these criteria are briefly described below. 

For noncarcinogenic chemicals, an assessment of the potential for an exposed individual to 
experience adverse health effects is based on the comparison of the estimated chemical dose (or 
dose rate) to a "reference dose " (RfD). RfDs , which are also expressed in terms of mg kg-' d-' , 
are criteria intended to represent the highest dose of a chemical that is not expected to cause 
adverse health effects over a lifetime of daily exposure (USEPA, 1992). RfDs are generally 
based on the results of long-term animal studies and multiple safety factors that are used to 
extrapolate animal data to humans. It should be noted that there is considerable uncertainty 
associated with the application of multiple safety factors and the resulting RfDs are likely to be 
very conservative (Calabrese and Gilbert, 1993); however, a detailed analysis of the magnitude 
of this uncertainty is beyond the scope of Phase I. 
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The potential for historical releases of beryllium from the Rocky Flats Plant to have caused 
berylliosis in off-site individuals is not addressed by the analysis in this report. However, Phase 
II of the study will further examine the off-site risk. It is known that chronic low-level exposure 
that does not cause acute inflammation of the lungs can cause berylliosis in susceptible 
individuals. Berylliosis produces scar tissue in the lung, interfering with normal gas exchange. 
The risks of this effect of beryllium exposure are uncertain at the time. Because berylliosis is 
an immunologic response, the threshold level that produces effects varies among individuals. 
a reference concentration limit of 0.01 pg m-3 was recommended for community air by the U.S. 
Atomic Energy Commission (USAEC) in 1949 based upon findings in the environment of a 
beryllium production facility. Current EPA regulations limit industrial emissions to levels that 
produce 30day average concentrations that do not exceed that value (ATSDR, 1988). 

For carcinogenic chemicals, an estimate of excess lifetime cancer risk (incidence) is the product 
of the chemical dose and the carcinogenic potency slope factor (SF). The SF, which is expressed 
in units of (mg kg-' d')-', is defined as the 95 percent upper confidence limit of the probability 
of a carcinogenic response per unit daily intake of a chemical over 70 years. SFs are also 
generally based on long-term animal studies and the application of a very conservative model 
used to predict the relationship between dose and cancer risk. 

For the purpose of the illustrations presented in this report, chemical toxicity criteria developed 
by the U.S. EPA are used. These values are presented in Table 5-1. There is considerable 
uncertainty in both RfDs and SFs. As stated previously, an evaluation of these uncertainties is 
beyond the scope of Phase I and is therefore not addressed in this report. 

5.2 Determination of Cancer Risk from Radiation Exposure 

Radiation dose has been expressed in this report in terms of effective dose, the units of which 
are joules per kilcbgram, with the special name sievert (Sv). As described previously, this 
expression of radiation dose provides a single measure of radiation hazard that is consistent with 
the current understanding of human health risks caused by radiation exposure. Effective dose 
can be converted to an estimate of cancer risk by multiplying it by a whole body risk factor. 
Our knowledge of the relationship between radiation dose and adverse health effects is primarily 
based on past human exposure studies. They include the epidemiological studies on the survivors 
of the nuclear weapon attacks, on patients exposed to radiation for medical treatment or 
diagnosis, and on some groups of workers exposed to radiation at work. The magnitude of the 
whole body risk factor has been and continues to be debated within the scientific community. 
As new information becomes available, it may change our current understanding of the 
relationship between radiation exposure and cancer risks. 

WlrCDJ2 



TABLE 5-1 

TOXICITY CRITERLA FOR THE CHEMICALS OF CONCERN 

Noncarcinogenic Chemicals II 
~~~ ~~ ~ ~ 

Reference h e '  (mg kg' d') 
oral I Inhalation 

1 , 1 , 1 -mchloroethane I NA 1 0.3 

Carcinogenic Chemicals 

Beryllium 

Carbon tetrachloride 

Chloroform 

Slope Facto$ (mg kg' d').' 
oral Inhalation 

4.3 8.4 

NA 0.053 

NA 0.081 

Methylene chloride 

Tetrachloroethylene 

Trichloroethylene 

8 

b 
USEPA, 1992. 
USEPA, 1993, unless otherwise noted. 
Office of Health and Environmental Assessment, USEPA, Washington, D.C. (personal 
communication) 

' 

Suggested values for a whole body risk factor have been published in "Health Effects of 
Exposure to Low Levels of Ionizing Radiation-BEIR V" (NRC, 1990) and "1990 
Recommendations of the International Commission on Radiological hotection" (ICRP, 1990). 
The BEIR V states that: 

~~~ ~~ 

NA 0.0017 

NA 0.002' 

NA 0.006' 

1: 

". . .the population-weighted average lifetime excess risk of death from cancer 
following an acute dose equivalent to all body organs of 0.1 Sv (0.1 Gy of low- 
LET radiation) is estimated to be 0.8 percent ..." (NRC, l'w). 

The report cautions that this risk factor of 0.8 percent per 0.1 Sv, or 8 percent Sv-', can be 
reduced by a factor of two when radiation dose is incurred over a long period of time such as 
environmental exposures. This factor can'be raised by a factor of two if radiation exposure 
occurred at a very young age. The BEIR V report does not provide a conversion factor for 
cancer incidence. 
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In their 1990 recommendations, the ICRP suggested that the risk conversion factor for cancer 
fatalities for the whole population, including children, is 5 percent Sv-' (ICRP, 1990). For non- 
fatal cancers and severe hereditary effects, the commission suggested a conversion factor of 1 
percent Sv-' and 1.3 percent Sv-', respectively. For the purpose of the illustrations presented in 
this report, the sum of the risk factors for fatal and non-fatal cancers and severe hereditary 
effects suggested by the ICRP, or 7.3 percent Sv", was used. 

An alternative method for determining cancer risks from radiation exposure has been developed 
by the USEPA. In this method, which is analogous to the USEPA's method for evaluating 
carcinogenic chemicals, the theoretical excess cancer risk associated with exposure to a particular 
radionuclide is calculated by multiplying the estimated intake (in pCi) by the SF (in risk per pCi) 
of the radionuclide. SFs for many radionuclides are presented in the USEPA's "Health Effects 
Assessment Summary Tables" (1992). Cancer risks determined using the USEPA method are 
generally lower than those determined in this report. 

5.3 Illustrations of Risk or Hazard 

The following series of figures illustrate risk estimates for some of the chemical and radiation 
doses presented in this report. It should again be noted that the uncertainties associated with 
several aspects of this process are beyond the scope of Phase I and will be addressed rigorously 
by the Phase II contractor. The uncertainty in the risk estimates shown in these figures is 
therefore based solely on the uncertainties in the air and soil concentrations and the exposure 
model that was described in detail in earlier sections of this report. As such, these risk estimates 
can only be considered very preliminary estimates of the risk posed by Rocky Flats. 

Figures 5-1 through 5-3 present risk estimates for the 903 Pad mghest best estimate of risk = 
5.2 x lo"), 1957 fire mghest estimate of risk = 1.3 x 10") and 1969 fire Wghest best estimate 
of risk = 3.3 x lo-'), respectively, for each applicable exposure location. These estimates are 
based on the radiation doses estimated for the event itself. Figure 5 4  presents risk estimates 
associated with routine release of plutonium-239/240 during 1965, the year of highest estimated 
emissions of this material from the plant for the 12 sectors and 3 remote exposure locations. 
This radionuclide was chosen for this illustration because it is associated with the highest dose 
estimates of all of the routinely released radionuclides (see Figure 3-21). 

Figure 5-5 presents risk estimates associated with routine releases of plutonium-239/240 over the 
entire operational history of the plant for Sector 12. Figures 5 4  and 5-5 can be used in concert 
to roughly estimate risks for other sectors and other years. For example, as shown in Figure 
5 4 ,  the best estimate of risk for Sector 12 in 1965 is approximately 3.0 x lo9.  Figure 5-5 
indicates that the best estimate of risk for Sector 12 in 1966 is approximately 1.6 x lo'', or about 
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a factor of 20 lower than for 1965. The best estimate of risk for any other sector in 1966 will 
also be approximately a factor of 20 lower than the value presented in Figure 5 4 .  Similar 
extrapolations can be made for any other year throughout the history of the plant. 

The highest single-year risk estimates for the routinely released chemicals were calculated as 
shown in Appendix N for Sector 12 and are presented in Figure 5-6. Based on this illustration, 
carbon tetrachloride is associated with the highest risk estimates for a one-year exposure. 
Figure 5-7 presents single-year risk estimates associated with the routine release of carbon 
tetrachloride during the period of 1961 through 1970, @e period associated with the highest 
releases of this contaminant, for the 12 sectors and 3 remote exposure locations. Figure 5-8 
presents risk estimates associated with the routine release of carbon tetrachloride for each of the 
37 years for Sector 12. As with the previous example of routine releases of plutonium-239/240, 
Figures 5-7 and 5-8 can be used to determine risk estimates for other sectors in other years. 
Figure 5-9 presents the total 37-year risk estimates associated with the routine release of carbon 
tetrachloride over the entire operational history of the plant. 

The last figure, Figure 5-10, presents the annual dose estimates associated with the routine 
release of 1,1,1-trichloroethane, the only contaminant of concern not considered to be a 
carcinogen. Also iricluded in the figure is the IUD for this contaminant. As stated earlier, the 
accepted method for evaluating exposure to noncarcinogenic chemicals is a comparison between 
the calculated dose and the RfD. When the calculated dose, in mg kg-' d-', is below the RfD, 
the exposure is not expected to cause any adverse health effects. 

The figures presented in this section have illustrated how chemical and radiation doses can be 
converted to estimates of health risk or hazard. These figures have been constructed purely for 
illustrative purposes, and the values can only be considered as very preliminary estimates of the 
risks posed by Rocky Flats. In the coming months, the Phase II contractor will be rigorously 
investigating the source and magnitude of uncertainties in the risk estimation process. 
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While there are a number of reasons to argue against directly adding the risks from chemicals 
and radionuclides, and for carefully interpreting:health risks posed by a variety of contaminants 
through various pathways, there is also a desire to produce some overall estimate of health risk 
from the operation of the Rocky Flats Plant. The preliminary risk estimates described in h s  
section can be summed to very roughly estimate the total excess cancer risk associated with the 
release of all radionuclides and carcinogenic chemicals over the 37-year history of the plant. For 
the purposes of this illustration, we have calculated total excess cancer risks for the following 
two locations: , *  

Location 1: Using risk estimates calculated for Sector 4 for routine releases, Sector 4B 
for 903 Pad releases, and east-trending plumes at 3 miles from the plant 
for the 1957 and 1969 fires. 

Using risk estimates calculated for Sector 12 for routine releases, Sector 

plant for the 1957 and 1969 fires. 

7 
Location 2: 

.12B for 903 Pad releases, and east-trending plumes at 8 miles from the 3. 

Location 1 was chosen because it is the nearest location in the primary downwind direction and 
likely represents the theoretical maximum excess cancer risk estimate, even though few, if any, 
people lived there for the entire 37-year period. Location 2 was chosenbicause it is also in the 
primary downwind direction and corresponds to an area where a/considerable number of people 
could have been exposed. The total excess cancer risk e-stimates for'ihese locations (arithmetic 
sums of the geometric means of the doses from the individual release types or events) are 1 X 10' 
and 2 x lo5, respectively. 

y: - 

5.4 Conclusions 

The events associated with the largest releases of contaminants that would have led to the largest 
health hazards are also those for which information and data are most limited. .This situation 
leads to relatively large uncertainties. As a result, the following activities are those that should 
receive high priority as part of the Phase II follow-up to Phase I work: 

1 

'i I 
The development of alternative approaches to estimating the releases of radioacti!ve 
contaminants from the 903 Pad and the 1957 fire, which were the dominant relea'se - , 

limited data are available. The use of alternative scientific approaches to the 
evaluation of these releases could yield further insights into the potential health' 

/* hazards that these events may have posed. 

'4 9 - 4  

events identified by Phase I. .These releases came from complex events for which '*-. '. 

4 

i ,/' 

/ ----- 
-IC 
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The identification of additional environmental data that could be used to establish 
whether the predicted exposures are consistent with actual measurements taken in the 
environment. 

In addition, releases of chemicals and radionuclides to surface water should be more fully 
characterized, because limited information was identified in Phase I on either the release of liquid 
contaminants from the plant or the degree of contamination present in the nearby reservoirs and 
related drlnking waters. 

Using the information developed in both phases of the Health Studies, the Phase II contractor 
will be in a position to describe the potential health risks associated with the primary sources of 
contaminant exposure for the public. 
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7.0 GLOSSARY 

absorption efficiency The fraction of contaminant inhaled, ingested or adhered to the skm 
that is actually absorbed into the blood stream. 

air dispersion model A mathematical model that predicts the movement and distribution 
of airborne materials in the atmosphere. 

air transport model See air dispersion model. 

airborne releases Release of contaminants into the atmosphere. 

alpha particles 

background levels 

beta particles 

carcinogen 

centroid 

chemical dose 

Highly energetic helium nuclei that are emitted from some 
radioactive materials undergoing transformation. Alpha particles 
give up their energy very rapidly and do not travel far in air or 
water. Alpha emitting radionuclides can cause very localized 
damage when inhaled or ingested but do not cause any damage 
outside the body because alpha particles cannot penetrate the outer 
layer of skinanbient air monitoringMonitoring of contaminants in 
air at a location away from the source. 

Levels of contaminant normally found in air, soil, water or food 
that are not attributable to a particular known source of interest. 

Electrons that are emitted from some radioactive materials 
undergoing transformation. Beta particles can travel up to 10 m in 
air and 1 cm in water. Beta emitting radionuclides can cause 
damage internally when inhaled or ingested. Unlike alpha 
particles, some highly energetic beta particles can also penetrate the 
skin. - 

A substance or agent which has been shown to increase cancer 
incidence rates in laboratory animals or humans. 

The center of mass of an area having constant density. In this 
report, centroids represent the geographic center of sectors. 

The amount of a chemical taken in by an exposed individual 
through one or more exposure pathways. 
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dose conversion factor 

dose assessment 

effective dose 

equivalent dose 

environmental transport 

exposure duration 

exposure point 

exposure routes - 

Factors used by health professionals to relate the amount of 
radionuclide inhaled or ingested or concentration of radionuclide 
in an environmental medium to potential health effects as measured 
by equivalent dose or effective dose. See Appendix B for a more 
detailed explanation. 

The process of identifying environmental exposures and 
. quantifying doses associated with these exposures. 

A term used by health professionals to quantify radiation doses to 
specific organs of the body in terms of what the equivalent dose 
would be to the whole body that would result in similar health 
risk. See Appendix A for a more detailed explanation. 

A term used by health professionals to quantify radiation dose to 
a particular organ or tissue. See Appendix A for a more detailed 
explanation. 

Movement of a material or contaminant through environmental 
media such as air, soil, or water by either diffusion, 
bioconcentration, or mass movement. 

The period of time in which an individual is assumed to be 
exposed to contaminants in the environment. 

A location where people may come into contact with contaminants 
in environmental media such as air, soil, water, and food. 

Pathways through which contaminants in environmental media 
(e.g., air, soil, or water) may affect -an individual.. 
commonly encountered exposure routes are: inhalation of 
contaminated air, ingestion of contaminated soil, water, and food 
stuffs, and dermal contact of contaminated soil or water. 

Some - 
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external exposure pathways Exposure routes arising from close proximity to radioactive 
material that is not taken into the body. Examples of external 
exposure are immersion in contaminated air or water and ground 
exposure. Through these three pathways, beta and gamma 
emitting radionuclides can impart a radiation dose to a nearby 
person without entering the body of the person. Also see 
immersion and ground exposure. 

Fugitive Dust Model 

gamma radiation 

An air dispersion model used in the Rocky Flats Toxicologic 
Review and Dose Reconstruction project for the prediction of 
dispersion and deposition of contaminated soil particles. 

Electromagnetic waves emitted from nuclei of atoms following 
radioactive transformation. Also known as gamma rays. Unlike 
alpha and beta radiations, gamma radiations are not particles. 
Gamma radiations have higher penetrating power than alpha and 
beta particles, but can be attenuated by a thick layer of lead. 
Health effects of gamma radiation are identical to X-rays of the 
same energy. 

gastrointestinal tract The digestive tract, which is composed of the stomach and 
intestines. 

geometric mean In statistics, one way to describe the central tendency of a group 
of values or population. 

geometric standard deviation In statistics, one way to measure the degree of scattering in a 
group of values or population. 

gross alpha radioactivity Radioactivity measured in terms of alpha particles emitted, with 
no determination of their energy or the identity of the specific 
radionuclides from which they were emitted. 

ground exposure Ground exposure occurs when an individual stands on or near a 
ground surface contaminated with radionuclides that emit gamma 
or beta radiation. 

human exposure pathways The routes through which a contaminant in the environment can 
impact the health of an exposed person. 
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hydrogeology 

immersion 

input parameters 

ionizing radiation 

isopleth 

isotopes , 

microsievert 

model 

Monte Carlo simulation A method of randomly sampling and combining variables of a 
mathematical equation. See Section 3.5 and Appendix K for 
more detailed explanations. 

organic solvents A group of chemicals that are commonly used as solvents for 
removing dirt and grease from metals or fabrics. They are 
generally quite volatile and have relatively low boiling points. 
Most of the commonly used organic solvents are shortchain 
hydrocarbons that contain one or more chlorine atoms. 

The study of the Occurrence, nature, and distribution of 
groundwater in a geologic system. It includes the study of 
physical makeup (e.g., mineral composition and grain size of the 
sediment or rocks), geometrical relations between various 
formations and structural features (e.g., cleavages, fractures and 
folds) in the system. 

Immersion occurs when an individual is surrounded by an 
atmosphere or a body of water contaminated with radionuclides 
that emit gamma or beta radiation. 

Data used in mathematical equations; input parameters and 
equationi are two integral parts of a mathematical model. 

Radiation with a relatively high level of energy that is capable 
of creating positive and negative ions in water. 

A line on a map connecting points at which a given variable has 
a specific constant value. 

Elements having the same atomic number but different atomic 
weights; they have similar chemical properties but somewhat 
different physical properties. 

One millionth of a sievert (lod Sv). 

A simplified representation of what we h o w  about a system. 
Generally, mathematical equations and parameters are used to 
represent the physical, chemical, or biological processes that 
take place inside the system. 



plume 

radiation dose 

radiation dosimetry 

radioactivity 

radionuc 1 ide 

reference dose 

sievert 

slope factor 

An elongated, mobile column or band of smoke or airborne 
contaminant. 

The quantity of radiation energy absorbed by a body. Often 
weighted by factors to indicate the potential for biological 
damage. See Appendix A for a detailed explanation. 

The theory and application of the principles and techniques 
involved in the estimation of exposures to ionizing radiations. 

The property of some materials that undergo spontaneous nuclear 
transformations that result in the formation of new elements. 
These transformations are accompanied by one or more 
emissions, such as gamma rays, alpha particles, or beta 
particles. 

An atom of a radioactive element distinguished by its atomic 
number, atomic weight, and energy state. 

A criterion recommended by the USEPA to evaluate chronic 
noncarcinogenic health effects of a chemical. It is the highest 
dose of a chemical that is not expected to cause adverse health 
effects over a lifetime of daily exposure. 

Under the i n t e r ~ t i ~ ~ l  system of units for radiation, the special 
name given to the units for equivalent dose and effective dose, 
joules per kilogram. 

Defined by the USEPA as the 95 percent upper confidence limit 
of the probability of a carcinogenic response per unit daily intake 
of a chemical over 70 years. SFs are generally based on long- 
term anha1 studies and the application of konservative-models 
to predict the relationship between chemical dose and excess 
cancer risk. 

soil resuspension The transport of soil particles from the ground surface to the air 
by the action of mechanical disturbance or wind. 

Information relating the quantity, timing, and chemical and 
physical characteristics of a contaminant release. 

source terms 
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surface waterborne releases Release of contaminants into visible waters such as streams, 
rivers, creeks, or 'lakes. 

wet deposition A mechanism of removing gas or suspended particles from the 
atmosphere through rain or snow. 

I 
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METRIC CONVERSION TABLE 
MultiPlv 

in. 
f t  
ac 
mi 
Ib 

liq. qt.4.s. 
ft’ 
mi’ 
f t3 
dlm 

pCi LYwater) 
pCi m?air) 

EY 
2.54 
0.305 
0.404 
1.61 
0.4536 
0.946 
0.093 
2.59 
0.028 
0.450 
1 
1 0.l’ 

EPualr 
cm 
m 
ha 
km 
kg 
1 

m‘ 
km’ 
m3 
pCi 

pCi mI’(water) 
pCi cm?air) 

MUltipLy 
cm 
rn 
ha 
km 
kg 
1 

m’ 
km‘ 
m3 
pCi 

pCi mI”(water) 
pCi ~m‘~(a i r )  

EY 
0.394 
3.28 
2.47 
0.621 
2.205 
1.057 
10.764 
0.386 
35.31 
2.22 

10” 
1 o9 

lEPuals 
in. 
ft 
ac 
mi 
Ib 

liq. qt.4.S. 
ft’ 
mi‘ 
ft3 
dlm 

pCi I “(water) 
pCi mYair 

TRADITIONAL A N D  INTERNATIONAL RADIOLOGICAL UNITS 
(Traditional units are in parentheses.) 

Iluantitv 
absorbed dose gray 

(rad) 

(curie) 
dose equivalent sievert 

(rem) 

activity becquerel 

exposure coulomb per kilogram (roentgen) 

Svmbnl 
GY 
rad 
Bq 
Ci 
sv 
rem 

R 

Expression in Terms 

J Kg” 
10’’ Gy 
1 d s’l 

3.7 x 10” Bq 
J Kg” 
10’ sv 
C Kg” 

2.58. lo4 C KO“ 
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This appendix defines the terms used to describe and quantify radiation dose in this report. 
There are four main types of ionizing radiation often considered in evaluating dose: neutrons, 
alpha particles, beta particles, and gamma rays. Each is produced by radionuclides undergoing 
transformation from a higher energy state to a lower energy state. This transformation is 
commonly known as radioactive decay. Each type of radiation has the potential to cause adverse 
biological effects by imparting energy to cellular substances such as proteins and DNA. 
Absorbed dose, D, defined as the energy absorbed per unit mass at a point or average energy 
absorbed over a tissue or organ, is the fundamental dose quantity used to describe exposure to 
radiation (ICRP, 1990). Under the Systkme International (SI) of units, the unit of absorbed dose 
is the joule per kilogram (J kg-'), which is given the special name gray (Gy). Until recently, the 
most common unit of absorbed dose was the rad. One gray is equal to 100 rad. However, 
absorbed dose alone is considered inadequate for predicting adverse health effects. 

The amount of biological damage caused by each type of radiation is dependent upon its linear 
energy transfer (LET). LET is defined as the average energy imparted to an absorbing medium 
by a charged particle of specified energy as it moves across a unit distance in that medium. In 
the field of radiation dosimetry, LET is usually expressed in units of kiloelectron volts of 
radiation energy per micron of absorbing medium or keV prn-'. The LET for photons represents 
the energy imparted to a medium (e.g., tissue) by secondary electrons (electrons removed from 
their atomic orbitals) as a result of interaction between the photons and the absorbing medium. 
Different types of radiation have different LETs. Heavily-charged particles such as alpha 
particles and protons generally have'high LETs, and beta particles and gamma rays or photon 
radiation have low LET. 

For a given absorbed dose, hgh-LET radiations are more effective in causing biological damage 
than low-LET radiations. To account for differences in biological effects as a function of LET 
per unit absorbed dose, the ICRP in 1990 defined a radiation weighting factor (wR), formerly 
known as the quality factor, that is applied to absorbed dose to yield a single dosimetric quantity 
called equivalent dose (ICRP, 1990). The numerical value of the wR is a function of the type 
and energy of the radiation incident on the body or tissues of the body. These factors are not 
dependent on tissue or biological endpoint. Table A-1 presents radiation weighting factors for 
various ionizing radiations recommended by the Commission (ICRP, 1990). 
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TABLE A-1 

RADIATION WEIGHTJNG FACTORS FOR DIFFERENT RADIATION " P J 3  OCW, 1990) 

Radiation Type Radiation Weighting 
Factor, w, 

1 

5 - 20 

20 

X rays, y rays, electrons 

Neutrons with different energies 

panicles of unknown charge and energy 
a particles, multiple charge particles, and 

The product of absorbed dose averaged over a tissue or organ and the radiation weighting factor 
is known as,the equivalent dose, HT : 

Where: 

HT = 
Or = 

Equivalent dose, joule per kilogram (special name: sievert, Sv); 
Average absorbed energy over an organ or tissue T, 
due to radiation R, Gy; and 

wR = Weighting factor for radiation R, dimensionless. 

Equivalent dose is recommended by the Commission (1990) as a measure of radiation dose 
absorbed by an organ; it includes the amount of energy deposited on a tissue or organ and the 
biological effectiveness of associated radiations. Previously, H, was known as the dose 
equivalent. The probability of stochastic health effects (such as malignant disease and genetic 
disorders) caused by ionizing radiation at low doses is found to be dependent on equivalent dose 
and the organ or tissue irradiated. ICRP therefore introduced another term called the tissue 
weighting factor, W,, to represent the relative contribution of the damage in an organ or tissue 
to the total stochastic effects. The tissue weighting factors recommended by the ICRP are listed 
in Table A-2. 
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Organ or Tissue 

GOM& 

Bone Marrow (red) 

Colon 

Lung 
Stomach 

Bladder 

Breast 

Liver 

Esophagus 

Thyroid 

SlUn 

Bone Surface 

Remamder 

The sum of the weighted equivalent doses in all tissues and organs of the body is known as the 
effective dose, E 

Tissue Weightiup Factor, W, 

0.20 

0.12 

0.12 

0.12 

0.12 

0.05 

0.05 

0.05 

0.05 

0.05 

0.01 

0 01 

0.05 

E = H , x W T  
T 

Where : 

E = 

HT = 
WT = 

Effective dose, Joule per kilogram (special name: sievert, Sv); 
Average equivalent dose in a tissue or organ T, Sv; and 
Tissue weighting factor of tissue or organ T, dimensionless. 

In the previous terminology, effective dose was known as effective dose equivalent. Effective 
dose is used in this assessment to quantify radiation doses resulting from external exposures such 
as ground exposure and air immersion exposure. 

Radiation doses resulting from inhalation and ingestion of radionuclides are expressed in terms 
of committed effective doses. This is because, unlike external exposures that stop when the 
individual moves away from the contaminated area, certain radionuclides have relatively long 
biological half-lives in the body. For example, when plutonium and uranium isotopes are 
absorbed into the body, they are not readily excreted and can cause continuous irradiation of 
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body tissue long after the intake has ceased. In the determination of radiation doses due to 
internal exposure, it is therefore necessary to calculate the total dose received over a period of 
time following intake. By convention, this period of time is taken to be 50 years. Thls 50-year 
sum of doses is known as the committed effective dose, E,, and can be calculated by the 
following equation: 

Where: 

E,, = 
H7: 5o = 

wT = 

Committed effective dose, joule per kilogram (special name: sievert, Sv); 
Total committed equivalent dose deposited in tissue or organ, T, 
over a 50-year period following intake of the radionuclide, Sv; and 

Tissue weighting factor of tissue or organ T, dimensionless. 

Effective dose and committed effective dose are used in this report to quantify radiation doses 
because they are consistent with our current knowledge of biological effects caused by radiation 
exposure and are believed to be directly proponional to radiation hazard. 
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APPENDIX B 
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SELECTION OF DOSE CONVERSION-FA~TORS-------------- % 

This appendix explains what radiation dose conversion factors (DCFs) are and how they were 
used in this study to convert intakes of radionuclides and concentrations of radionuclides in 
environmental media to committed effective doses and effective doses to potentially exposed 
populations. DCFs are determined based on our understanding of the absorption and distribution 
of radionuclides in the body, anatomy of the human body, and biological effects of radiation. 
The determination of DCFs is quite complicated, and is not withm the scope of this report. 

Published values of DCFs are available from a number of authoritative sources: 

0 USEPA (1988). "Limiting Values of Radionuclide Intake and Air Concentration and 
Dose Conversion Factors for Inhalation, Submersion, and Ingestion. I' Federal Guidance 
Report No. 11. United States Environmental Protection Agency, Office of Radiation 
Programs, Washington D .C. 

e USEPA (1993). "External Exposure to Radionuclides in Air, Water, and Soil. I' Federal 
Guidance Report No. 12. United States Environmental Protection Agency, Office of 
Radiation and Indoor Air, Washington, D.C. 

e ICRP (1979). International Commission on Radiological Protection. "Limits for Intake 
ICRP Publication No. 30. Annuak of the K R f .  of Radionuclides by Workers." 

Volume 2, No. 3/4, Pergamon Press, Oxford. 

e ICRP (1990). International Commission on Radiological Protection. " Age-Dependent 
Doses to Members of the Public from Intake of Radionuclides: Part 1." ICRP 
Publication No. 56. Annals of the ICW. Volume 20, No. 2. Pergamon Press, Oxford. 

e USDOE (1988). U. S. Department of Energy. "External Dose-Rate Conversion Factors 
for Calculation of Dose to the Public. DOE/EH-0070, DE88-014691. 

e USDOE (1988). U. S. Department of Energy. "Internal Dose Conversion Factors for 
Calculation of Dose to the Public. " DOE/EH-0071, DE88-014297. 

Most of the DCFs provided in the documents listed above are very similar, since they are based 
on "reference man" assumptions of ICRP Report 23 (ICRP, 1975) and the conceptual models 
recommended by ICRP Report 30 (1979). It should be noted that values of DCFs are revised 
from time to time to reflect our current knowledge of radiation dosimetry. For purposes of this 
assessment, DCFs derived by the ICRP (1990) and the USEPA (1988 and 1993) were used and 
are presented in Table 2-1. They are expressed in terms of Sv Bq-' (internal dose per unit 
activity inhaled or ingested), Sv y-l per Bq cm3 or Sv y-l per Bq cm-2 (external dose rate per unit 
radionuclide concentration in air or on the ground surface). An assessment of the uncertainty 
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md the scope of Phase I investigations, and has not been included in 
The Phase II contractor will address uncertainty of dose associated uncertainty analyses. 

conversion factors as part of their health studies activities. 

As explained in Appendix A, committed effective dose and effective dose are used in this repon 
to quantify radiation doses. They can be calculated by the two equations shown below: 

as 

I 

I E,, = Ii x DCFi 

Committed effective dose, Sv; 
Amount of a radionuclide lnhaled or ingested, Bq; and 
Committed effective dose per unit intake (dose conversion factor) 
for a particular radionuclide, Sv Bq-'. 

- 
E50 - 
1; = 

DcF, = 

DR = C x DCF, 

Where : 

DR = Effective dose rate, Sv y-'; c - 

DCFe = Dose rate factor for external exposure, 

Amount of radionuclide in an environmental medium, 
Bq ~111'~ in air or Bq cm-' on ground surfaces; and 

Sv yS1 per Bq ~111'~ or Sv y-l per Bq cmS2. 

- 

Since DCFs are specific to radionuclide, route of exposure, physical and chemical form of the 
radionuclide and the age of the exposed individual, it is important to select the DCFs that are 
appropriate to the exposure situation under evaluation. The rationale used in the selection of 
DCFs in this assessment is discussed in the following sections. 

The health hazard posed by a radioactive compound is dependent on the chemical composition 
and physical properties (such as water solubility) of the compound. In the development of DCFs 
for inhalation exposure, the ICRP placed radioactive compounds into three classes (D for days, 
W for weeks, and Y for years) according to the magnitude of lung clearance half-times for the 
materials in humans. For a given radionuclide, a DCF for inhalation is determined for every 
relevant class of compounds. For example, most plutonium compounds are relatively insoluble 
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and fall under class W (half-time of 10 to 100 days) or y mlf-time greater than 100 days). 
According-to-I~RP-Report-56-(1C~-,-19~0), inhdation DCFs of Plutoium-239/240 compounds 
in classes W and Y are 1.2 x 10" and 8.4 x lo-' Sv Bq-I, respectively. 

-- -___  

As discussed in the Task 5 report, it appears that forms of uranium and plutonium with varying 
chemical properties were present at Rocky Flats. Therefore, to account for the possibility that 
uranium and plutonium associated with Rocky Flats emissions may have experienced varying 
rates of clearance from the lung, the inhalation DCFs for enriched uranium, depleted uranium, 
and plutonium-239/240 are represented by uniform distributions between values corresponding 
to slightly soluble (Class W) and insoluble (Class Y) compounds of uranium-234, uranium-238, 
and plutonium-239. 

The inhalation DCF of a radionuclide is also dependent on the particle size of the radioactive 
material involved. This is because the fractions of inhaled particles deposited in the 
nasopharyngeal (N-P), tracheobronchial (T-B) and pulmonary Op) regions of the respiratory 
system are related to the activity or mass median aerodynamic diameter (AMAD or MMAD) of 
the particles. According to the ICRP deposition model, as AMAD of inhaled particles decreases 
from 5 to less than one micron, the fraction of particles deposited in the pulmonary region 
increases from less than 10 percent to about 50 percent (Figure B-1). 

Inhalation DCFs established by various scientific bodies are based on the assumption that the 
diameters of inhaled particles are lognormally distributed and have an AMAD of 1 micron. A 
method is suggested in ICRP 30 (1979) for the determination of inhalation DCFs for particles 
with AMADs other than 1 micron. As described in the Task 5 report, routine effluents from the 
plant were filtered by high efficiency particulate air (HEPA) filters before release into the 
atmosphere. Based on the theory of operation of HEPA filters and limited effluent particle size 
studies, contaminant particles released during routine operations are likely to have had 
aerodynamic diameters near 0.3 to 0.4 micron. Radionuclides released from fires and the 
resuspension of contaminated soils are believed to have particle size distributions that differ from 
those associated with routine releases. 

No studies have been identified that adequately characterize the actual particle size distribution 
of radioactive contaminants at off-site exposure locations for the various types of releases. If the 
public were being exposed only to very small particles (particles lognormally distributed with an 
AMAD of 0.3 micron), then the inhalation DCFs used in this report would result in 
understatement of associated doses by about 60 percent. However, due to the lack of 
information on the actual particle size distribution of contaminant particles the public has been 
exposed to, inhalation DCFs used in this assessment are based on the standard assumption of 
particle size distribution (particles lognormally distributed with an AMAD of 1 micron). 
Refinements to these DCF assumptions may be pursued under the Phase 11 Studies. 

I 

I 
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The percentage of activity or mass of an aerosol which is deposited in the nasopharyngeal (N-P), 
tracheobronchial (T-B) and pulmonary (P) regions is given in relation to the Activity Median Aerodynamic 
Diameter (AMAD) of the aerosol distribution.. The model is intended for use with aerosol distributions with 
AMADs between 0.2 and 10 prn and with geometric standard deviations of less than 4.5. Provisional 
estimates of deposition further extending the size range are given by the dashed lines. For an unusual 
distribution with an AMAD of greater than 20 prn, complete deposition in N-P can be' assumed. The model 
does not apply to aerosols with AMADs of less than 0.1 pm. 



. -- --- - ------- 

-Similar-to-inhalationzxposure, there IS usually more than one ingestion DCF for a particular 
radionuclide. Th~s  is because the health hazard posed by a radioactive compound through 
ingestion is dependent on the extent to which the compound is absorbed into the blood from the 
gastrointestinal system. The ICRP placed radioactive compounds into different classes according 
to their fractional uptake from the small intestine to blood (fl). For a given radionuclide, a high 
fractional uptake is generally associated with a high ingestion DCF. For example, ingestion 
DCFs for uranium-234 compounds with GI uptake factors equal to 0.002 and 0.05 are 7.1 x l o 9  
and 7.7 X lo-* Sv Bq-', respectively. 

To account for the possibility that uranium associated with Rocky Flats emissions may have 
experienced varying fractional uptakes from the gastrointestinal tract to the blood, ingestion 
DCFs for enriched and depleted uranium are represented by uniform distributions between values 
corresponding to fractional uptake values of 0.2 percent and 5 percent. Because DCFs for 
plutonium are given in ICRP 56 for only a single fractional uptake class (fl = 0.1 percent), the 
ingestion DCF for plutonium-239/240 is represented by a point estimate based on the DCF for 
plutonium-239. 

DCFs used to calculate exposures from direct exposure from contaminated ground surfaces and 
immersion in contaminated air were taken from USEPA's Federal Guidance Report No. 12, 
"External Exposures to Radionuclides in Air, Water, and Soil" (USEPA, 1993). DCFs for 
external exposure routes such as immersion and ground exposure differ from DCFs for inhalation 
and ingestion in two important ways. First, radiation dose calculated for external exposure is 
presented in terms of effective dose instead of committed effective dose. T h s  is because external 
radiation exposure ends when the individual moves away from the contaminated area. This 
differs from the situation of ingested or inhaled radioactivity, where dose often continues to be 
delivered to the body of the exposed individual for years after intake ends. Another distinction 
is that radiation dose calculated for external exposure pathways is usually stated in terms of a 
dose rate, for example in Sv y-l. However, dose rates can easily be converted to integrated or 
committed radiation doses in Sv if the durations of exposure are known. 

The plutonium in Rocky Flats emissions that is represented as plutonium-239/240 contained both 
Pu-239 and Pu-240. To account for implications of this fact on exposures from contaminated 
ground surfaces and from immersion in contaminated air, associated DCFs are represented by 
uniform distributions between values corresponding to Pu-239 and Pu-240. 
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APPENDIX C 
-~ - -  _ _ _ _ ~  

EXPOSURE ~ ~ % @ S T I C S O T H E - ~ T V I D U A L  
MODELED IN THE DOSE ASSESSMENT 

The chemical and radiation doses determined in this dose assessment are very much dependent 
on how the exposed individual was defined in terms of intake rates, exposure patterns, and 
dietary habits. The purpose of this appendix is to provide a more detailed description of the 
individual modeled in this report and to put some of the intake parameters into more recognizable 
terms. It is important to keep in mind that the intake values presented in this appendix are based 
on surveys or studies of the adult population. As discussed in Section 2.3 of the main text, 
intake values for infants and small children are often different from those presented here. Some 
of the more important intake parameters of different age groups are presented in Tables 2-2 and 
2-3 of the main text. It is also important to keep in mind that the input parameter distributions 
are used for both shon- and long-term events. As a result, the parameter distributions may be 
somewhat broad ( i e . ,  the lower and upper bounds may be larger than necessary) for the longer 
term events; however, the limited amount of data that are available for most of these parameters 
makes it difficult to M ~ O W  these bounds. In any event, other uncertainties in this analysis, e.g., 
uncertainties associated with air dispersion modeling, are much larger, and will dwarf any 
additional uncertainty associated with the broad bounds on the input distributions. 

The following characteristics were used to describe the individual modeled in this assessment: 

0 An adult resident 

0 Exposed to contaminants released from the Rocky Flats Plant through one or more 
of the following pathways 

- Inhalation exposure to direct releases and resuspended soil particulates 
Ingestion of locally grown vegetables, wheat, milk and beef 

- Incidental ingestion of soil 
- Ingestion of drlnking water 
- Ground exposure to deposited radionuclides 

Immersion exposure to direct releases and resuspended soil particulates - 

0 Air, water, food, and incidental soil intake rates typical of those reported for the 
nation's population 

0 Exposure characteristics, such as exposure frequency and the fraction of food that 
is locally grown, typical of those reported for the nation's population. 
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Although all of the human intake parameters or characteristics are summarized in Appendix J ,  
they are generally given in units that are convenient for the dose calculations, but not necessarily 
very understandable. Where possible, the following discussion translates these parameters into 
more easily understood terms. 

The best or most likely estimate of body weight used in this assessment is 68 kilograms or about 
150 pounds. The lower and upper bounds for this parameter are about 105 and 215 pounds, 
respectively. 

The best estimate of inhalation rate is 20 cubic meters of air per day. This parameter is not easy 
to put into more understandable terms. Essentially, a person's daily intake of air is going to be 
dependent on the type of activities he or she engages in. Many studies have been done to 
estimate breathing rates associated with various activities, ranging from sleeping or resting to 
heavy activities such as construction work or strenuous exercise. Based on these types of 
studies, a daily inhalation of 20 cubic meters is equivalent to approximately 8 hours of rest (e.g., 
sleeping, watching television, reading), 12 hours of light activity (e.g., office work, some 
household chores) and 4 hours of moderate activity (e.g., some types of exercise, construction 
work). The lower and upper bounds for this parameter are 9 and 29 cubic meters per day, 
respectively. These lower and upper bound daily intakes would be associated with an individual 
who engages in mostly resting activities or an individual who engages in moderate or heavy 
activity for 8 or more hours a day. 

I 

1 

The best estimate of milk ingestion is 0.25 liters per day, or approximately 8 ounces. This 
would likely correspond to someone who drinks a single glass of milk a day. The lower and 
upper bounds for this parameter are about 2.5 and 31 ounces per day, respectively. The lower 
bound likely represents an individual who ingests milk as part of other food (e.g., bowl of 
cereal), while the upper bound represents someone who drinks nearly a quart of milk per day. 

Beef IngmmJU 

The best estimate of beef ingestion rate is 0.09 kilograms per day, or approximately one-quarter 
of a pound per day. Since a typical serving of beef likely exceeds a quarter of a pound, this 
ingestion rate likely corresponds to someone who eats beef 3 or 4 times per week. The upper 
and lower bounds for this parameter are about one-tenth and four-tenths of a pound, respectively. 
An individual representative of the lower bound likely eats beef only once a week, while an 
individual representative of the upper bound probably eats beef nearly every day. 
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___ 
__--_----- The best estimate-of-vegetable-ingestion-is-O;l5-kilograms, or about one-third of a pound per 

day. This quantity of vegetables corresponds to either about a medium-sized zucchini or a large 
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APPENDIX D 
__  - _  -- -- 

VARIATION OF PREDICTED AIR CONCENTRATIONS 
WITHIN THE IDENTIFIED SECTORS 

Introduction 

There are many locations where individuals around Rocky Flats could have been exposed during 
the operational history of the plant. For the purpose of this dose assessment, an area between 
2 and 10 miles from the center of the Rocky Flats Plant (RFP) was considered the primary study 
area for which chemical and radionuclide doses would be calculated. It should be noted, 
however, that the study area to the west of the plant extends only as far as the dramatic increase 
in elevation associated with the front range of the Rocky Mountains, because the air dispersion 
models used for these analyses do not accurately predict contaminant concentrations in 
mountainous areas. As the study area encompasses over 300-square miles, it was partitioned into 
smaller geographical areas, or sectors, within which contaminant concentrations in various 
environmental media could be represented by those determined for a single point, Le., the 
centroid. The purpose of this appendix is to describe the variation of predicted air concentrations 
within the identified sectors. This is accomplished by first predicting annual average air 
concentrations at the comers and centroids of the sectors for the different airborne release events. 
Second, the variation of predicted air concentrations within a sector is assessed by comparing 
the air concentration at each of the four comers of a sector to the air concentration at the 
centroid of the sector. The results of these comparisons for routine and accidental releases are 
discussed separately in the following sections. 

Routine Airborne Releases 

The size of the sectors that can be used is dependent on the nature of the airborne contaminant 
release, which influences its distribution in the environment. Routine releases occurred 
throughout the year and were subjected to the full range of environmental conditions at the site 
that tend to fairly uniformly distribute contaminants in the vicinity of the plant. For the purposes 
of this assessment, the study area was divided into 12 sectors as shown in Figure D-1. Since 
it is expected that there would be greater variability near the source, the sectors close to the plant 
are smaller than those further away. 

As discussed in the Task 6 report, three different modeling runs were conducted for the routine 
releases to account for differences in stack parameters and release points. The first run is 
applicable to routine releases of plutonium-239/240 and americium-241, the second to routine 
releases of depleted and enriched uranium and the thud to routine releases of tritium and all of 
the chemicals of concern. Using a unit concentration, annual average air concentrations were 
predicted for the 12 centroid locations and the four comers of each sector. The variation in 
predicted air concentrations within each sector is shown on Figures D-2 through D-4 for the 
three modeling runs, respectively. 
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The number in the comer of each sector represents the ratio of the predicted concentration at that 
comer to the predicted concentration at the centroid. For example as shown in Figure-Dr2,-the-------- 
ratios for Sector-1 ,-beginning-in-the lower-left-co-mer and proceeding in a counter clock-wise 
direction, are 2, 1 ,  %, and 1 .  A value of 2 means that the predicted concentration at the comer 
is approximately two times higher than the concentration predicted at the centroid. Conversely, 
a value of 'h means that the predicted concentration at the comer is approximately one-half as 
high as the concentration predicted at the centroid, and so on. It is important to keep in mind 
that a single concentration is predicted for a comer that is shared by more than one sector, e.g., 
the intersection of sectors 1 ,  4, 5,  and 8. In this case, the predicted concentration for this point 
is compared to each of the four centroids, resulting in four separate ratios. Based on the ratios 
shown in Figures D-2 through D-4, the variation within the 12 sectors is as high as a factor of 
4, but is generally withm a factor of 2 or 3 for routinely released contaminants. 

-I-------- 
-_------ 

903 Pad Releases 

Releases from the 903 Pad are believed to have occurred over a period of 5 years and were 
likely subjected to a wide range of meteorological conditions at the site. However, since the 
releases occurred over a much shorter time than the routine releases and were related to wind 
velocity, we expected that the variation within the sectors would be somewhat higher. The 12 
sectors were therefore divided into 24 subsectors as shown in Figure D-5. Unlike the routine 
releases, the dispersion modeling for the 903 Pad was not based on a unit concentration, but on 
the source term estimate developed in Task 6. Average air concentrations were predicted at each 
of the 24 centroids and the four comers of each sector. The variation within each subsector is 
shown in Figure D-6. As shown in the figure, the variation withm the 24 subsectors is as high 
a factor of 7 ,  but is generally within a factor of 3 or 4 for releases from the 903 Pad. 

1957 and 1969 Fires 

The 1957 and 1969 fires both lasted less than 20 hours and were influenced by specific, short- 
term meteorological conditions that would be expected to distribute the contaminants released 

same 24 subsectors established for the 903 Pad releases, the variation within each subsector is 
shown in Figures D-7 and D-8 for the 1957 and 1969 fires, respectively. Based on the ratios 
shown in these figures, the variation within a sector often exceeds a factor of 50. This level of 
variation suggests that, even within a relatively small subsector, one individual may have been 
greatly affected by either fire, while another person located in the same sector just one-quarter 
to one-half mile away may have been largely unaffected. Instead of further dividing the 
subsectors to decrease the variation, we have chosen instead to calculate doses for locations that 
lie along the center line of the predicted contaminant plumes (see Figures 3-6 and 3-8 in the main 
text) and these would represent the highest exposure or doses predicted to occur at various 
distances from the plant. 

I during these events in a more irregular fashion than the routine or 903 Pad releases. Using the 
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DETERMINATION OF CONTAMINANT CONCENTRATIONS IN AIR AND 
SOIL ASSOCIATED WITH ROUTINE AIRBORNE RELEASES 

Introduction 

In this appendix, the methodology used to calculate annual average contaminant concentrations 
in air, surface soil and bulk soil compartments at various exposure points is described. Annual 
average air concentrations associated with routine airborne releases are determined by scaling 
the air dispersion model results derived in Task 6 by the annual release estimates developed in 
Task 5 .  Uncertainties associated with the application of the model and release estimates were 
also quantified in the two reports and are used in the estimation of uncertainty in the predicted 
air concentrations. 

. -  

Contaminant concentrations in soil are determined by using the predicted annual average 
contaminant concentrations in air and a deposition model. Annual average soil concentrations 
are determined for the nonvolatile contaminants of concern: americium-241, plutonium-239/240, 
enriched and depleted uranium and beryllium. As explained in the main text, soil-related 
pathways are not considered applicable to tritium and the organic solvents listed in Table 1-1; 
therefore, soil concentrations, are not determined for these contaminants. 

Contaminant Concentrations in Air Associated with Routine Airborne Releases 

The modeling of the dispersion and transport of contaminants released into the atmosphere 
through routine operation was described in detail in the Task 6 report. In the report, the 
contaminant releases are divided into three groups: (1) americium and plutonium isotopes, 
(2) uranium isotopes and (3) beryllium, organic solvents and tritium. Characteristics of 
contaminant releases, such as building location and stack height, for a particular group are 
considered to be identical. Using a unit emission rate (1 mCi y-l for radionuclides and 1 g y-’ 
for chemicals) and specific release characteristics, annual average air concentrations (fCi m-3 for 
radionuclides or pg m-3 for chemicals) at all the exposure points were determined for each group. 

As described by Brenk et d. (1983), the air concentrations predicted in this fashion are also 
known as long-term dispersion factors (XIQ). Long-term dispersion factors (XIQ) are defined 
as follows: 
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Where : 
C,, = 

x/Q = 

ST = 

Annual average air concentration of a contaminant at a given location, 
fCi rne3 or pg m-3; 
Long-term dispersion factor of a location for a contaminant group, fCi mS3 
per mCi y" or pg m-3 per g y-'; and 
Source term or estimated airborne release rate of a contaminant, mCi y-' 
or g y-l. 

When the source tern, ST, is equal to unity, i.e., 1 mCi y-' or 1 g y-', then the predicted air 
concentration is equal to the long-term dispersion factor (XIQ). Long-term dispersion factors 
determined for the three release groups at various exposure points are presented in Table E-1 . 

TABLE E-1 

LONG-TERM DISPERSION FACTORS (XI@ FOR THE CONTAMINANTS 
OF CONCERN AT VARIOUS EXPOSURE POINTS 

Dispersion Factor (xlQ) 

(fci mJ per mCi y-') 

Dispersion Factor (XI@ of 

(fCi m-3 per mCi y-') 

Dispersion Factor (x/Q) of 

Point Americium Releases Uranium Releases Releases (pg m-' per g y" or 
fCi mS3 per mCi y.') 

Exposure of Plutonium and Enriched and Depleted Chemical and Tritium 

Sector I 1.56 x 1 0 3  3.38 x 1 0 3  4.13 x lo3 
Sector 2 6.65 x lo-' 1.67 x 10'' 1.74 x 10.3 

Sector 3 5 . 9 9 ~  lo4 1.68 x l o 3  1.62 x lo3 
Sector 4 1.95 x 1 0 3  5.67 x l o 3  5.27~ lo3 
Sector 5 8.45 X lo-' 1 .67 x 1 0 3  1.91 x lo' 
Sector 6 , 3.46 x lo-' 7.61 x lo-' 7.89~ 10' 

Sector 7 3.21 X lo-' 7.42 x lod 7.38 x 10' 
Sector 8 1.06 x 10.3 2.50 x 10' 2.43 x 10' 

Sector 9 4.62 X 10' 8.62 x io4 9.52 x 10' 

Sector 10 1.85 x IO-' 3.74 x lo4 3.88 x lo-' 
Sector 1 1  1.75 x lo-' 3.60~ lo-' 3.64 x 10' 

Sector 12 5.81 x lo-' 1.21 x 10-3 1.21x10' 

Denver 2.32 x lo-' 4.37 x 10' 4.46 x lo-' 
Lakewood 2.74X lo-' 5.46 x 10* 5.48 X lo-' 

~ 

1.03 x IO* I 1.84xlO4 I 1.96 x 10' I] 
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Annual average air concentration of a contaminant at a specific exposure point in a specific year 
can be calculated by scaling the long-term dispersion factor at that locationby_the-appropriate---- - 

emission rate of the contamrnant. Estimated annual emission rates of the contaminants of 
concern are obtained from the Task 5 report. 

, - 

The centroid of Sector 4 will be used to illustrate the determinations of air and soil 
concentrations associated with routine releases. The annual average plutonium-239/240 
concentration in air at the centroid of Sector 4 in 1953 can be calculated as follows: 

Where: 

car = 

x /Q  = 

ST = 

Predicted annual average air concentration of plutonium-239/240 at the 
centroid of Sector 4 in 1953, fCi m-3; 
Long-term dispersion factor of plutonium-239/240 at the centroid of Sector 
4 (0.00195 fCi m-3 per mCi y-I), and 
Source term or estimated airborne release rate of plutonium-239/240 in 
1953 (0.0016 mCi y-I). 

It should be noted that the long-term dispersion factor, x/Q, determined in this assessment for 
routine releases is dependent on the contaminant release type and location only and does not 
change from year to year. This is because the long-term dispersion factor has been derived from 
a high quality , 5-year-average meteorological data set. There are uncertainties associated with 
the air dispersion model prediction (X/Q) and contaminant release estimates (ST). Uncertainty 
associated with the application of the air model has been estimated in Task 6 and uncertainties 
associated with the release estimates of various contaminants have been determined in Task 5 .  
In this report, Monte Carlo simulation is used to propagate the uncertainties associated with 
( x / Q )  and ST and predict air concentrations. A description of Monte Carlo simulation is 
provided in Appendix K. In this assessment, all of the Monte Carlo prediction results are 
lognormally distributed. Therefore, the best estimate of a prediction will be represented by the 
geometric mean (GM) of the prediction and the uncertainty associated with the prediction will 
be represented by the upper and lower 95 percent confidence bounds about the best estimate. 
The bounds are related to the GM and geometric standard deviation (GSD) of the prediction and 
can be calculated by the following equations: 

GM x GSD2 
Lower 95% confidence bound = GM + GSD’ 

- Upper 95% confidence bound - 

The GM and GSD of annual average plutonium-239/240 concentrations in air at the centroid of 
Sector 4 between 1953 and 1989 are shown in Table E-2. 
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TABLE E 2  

PREDICTED ANNUAL AVERAGE PLUTONIUM-239/240 CONCENTRATION IN AIR 
AT THE SECTOR 4 CENTROID DUE TO ROUTINE RELEASES 

Piutonium-239/240 Concentration in Air.at the Sector 4 Centroid 
Year 

GM (Ki m") I GSD 

1953 3.1 X 10" 1.6 

1954 1 .ox lo4 1.6 

1955 1.2 x lo4 1.6 

1956 3 . 7 ~  lo4 1.6 

1957 2.5 x 103 1.6 

195d 4 . 9 ~  103 1.6 

1959 2.2 x 103 1.6 

1960 2.2 x 10-3 1.6 

1961 2 . 3 ~  l o 3  1.6 
_ _ _ _ _ _ ~ ~  ~ ~~ ~ ~~ ~~ ~~ - 

1962 4.7 x 103 1.6 

1963 6.2 x 103 1.6 

1964 4.5 x 10-3 1.6 

1965 1 .ox lo-* 1.6 

1966 5.0 x lo4 1.6 

1967 6.4 x lo4 1.6 

1968 7.8 x lo4 1.6 

1969 2.7 x l o 3  1.6 

1970 6.1 x IO4 1.6 

1971 l .2x lO4 1.6 

1972 9.8 x 105 1.6 

1973 1.2 x lo4 1.6 

1974 2.0 x 10-3 1.6 

1975 2.3 x 105 1.6 

1976 9.8 x 10" 1.6 

1977 9.8 x 10" 1.6 

1978 7.8 x 10" 1.6 

1979 1.6 x 105 1.6 

1980 2.3 x 10' 1.6 - - 
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TABLE E 2  

Year 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

Plutonium-239/240 Concentration in Air at the Sector 4 Centroid 

GM (fCi rn-3) GSD 

2.3 x 10-5 1.6 

5.7 x 10’ 1.6 

2.0~ io4 1.6 

3.3 x 10” 1.6 

2.7 x l o 5  1.6 

5 . 3 ~  lo5 1.6 

5.5 x l o 5  1.6 

4 . 3 ~ 1 0 ~  1.6 

1.8~10’ 1.6 

GM , = Geometric mean 
GSD = Geometric standard deviation 

In a similar way, annual ayerage air concentrations and associated uncertainties are determined 
for other contaminants of concern and exposure points. 

Contaminant Concentrations in Soil Associated with Routine Airborne Releases 

As described in the Task 5 report, all metals released from the RFP from routine operations were 
filtered by high efficiency particle air (HEPA) filters. As a result, contaminants in the routine 
exhaust air were composed of extremely small, submicron-sized particulates (ChemRisk, 1992). 
Because of the low deposition velocities associated with particulates of this size range, they can 
be transported long distances by air currents before being brought to the ground surface through 
dry and wet deposition or interception by natural or man-made objects. 

For the purpose of the dose assessment, a contaminant deposited onto the ground surface is 
considered to be in either a surface soil compartment or a bulk soil compartment. In the surface 
soil compartment, all of the deposited contaminant is assumed to be uniformly distributed in a 
layer of soil that extends from the ground surface to a depth of 1 cm. Contaminants in surface 
soil (in pCi kg-’ or pCi rn-’ for radionuclides and pg kg-’ for chemicals) are considered to be 
relevant to soil ingestion, ground exposure, milk and beef ingestion and exposure pathways 
related to soil resuspension. Similarly, in the bulk soil compartment, all of the deposited 
contaminant is assumed to be uniformly distributed in a layer of soil that extends from the 
ground surface to a depth of 25 cm. The bulk soil compartment is considered to include the root 
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system of a plant. Con taminants in this compartment (in pCi kg-' for radionuclides and pg kg-I 
for chemicals) are considered to be relevant to wheat, vegetable, milk and beef ingestion. 

In the case of routine airborne releases, we have made the simplifying assumption that, when 
calculating contaminant concentrations in the surface soil compartment, all the deposited 
contamination is present in the top 1 cm (this tends to overestimate dose from surface-soil-related 
pathways). This approach differs from that used in Appendices G and H to calculate the 
plutonium-239/240 and americium-241 concentrations in soil as a result of the 903 Pad releases; 
which assumes 20 percent of the total contamination is found in the surface soil compartment. 
As discussed in the Task 6 report, the distribution of contaminants released from the 903 Pad 
in the two soil compartments is based on measured concentrations of plutonium-239/240 in soil 
and some howledge of the distribution of plutonium-239/240 in the soil column in the early 
1970s. Overestimating the surface soil concentrations for routinely released contaminants should 
not have a significant impact on the dose estimates because deposition from routine releases was 
low and the majority of the dose is associated with direct inhalation of the airborne materials. 

Equations for the determination of contaminant concentrations in surface soil and bulk soil 
compartments are provided in Figure E-1. Input parameters that are used in the equations are 
presented in Table E-3. Monte Carlo simulation is used to propagate errors and estimate 
uncertainty of the predicted soil concentrations. 

One of the key input parameters listed in Table E-3 is wet and dry deposition velocity. This 
parameter is site specific and can vary over several orders of magnitude. It can be affected by 
many factors, such as the size of the released contaminant particles, local meteorology, 
topography and vegetation cover of the site. As explained in the Task 6 report, after considering 
the size of the released particles and local meteorology, it was concluded that 0.3 cm s-' (260 
m d-') can be used to represent the average deposition velocity of the contaminant particles 
released during the routine operations (ChemRisk, 1993). We have represented the uncertainty 
of th is  parameter by a lognormal distribution with a GM equal to 1 and a GSD of 1.7. 

The equations and input parameters described above are all used to determine cumulative 
contaminant concentrations in soil. The approach described in the following section is applicable 
to all non-volatile contaminants with the exception of americium-241. As explained in the 
Task 5 report, both plutonium-241 and americium-241 were released into the atmosphere. 
Because plutonium-241 decays into americium-241 and its half-life of 14.4 y is relatively short 
compared to the operational history of the plant, it is important to include the contribution of 
plutonium-241 decay to the total americium-241 concentration in soil. The method used to 
determine cumulative americium-241 concentrations in soil is described later in th is  appendix. 
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FIGURE El. EQUAnONS AND PARAMETERS FOR THE DETERMINATION OF c o w - ~ ~ ~  

_-_------------ 
_---- _-- 

To calculate areal concentrations: 

where: 

c,, - - - - - 
Equilibrium concentration of COntamiDant in surface soil, pg m-2 or pCi m.2; 
Average concenaation of caammxu * in air, pg m-3 or pCi m-3; 
Wet and dry deposition velocity, m d-’; 
Accumulation time, d. 

c, 
v, - 

- - T 

To calculate concentrations based on mass: 

Where: 

c,,, - - - - 
- 

m- = 
R D =  
T - 

Eqdibrium concentration of umtamiuant in surface soil, pg kg‘l or pCi kg“; 
Average concentration of contaminant in air, p g  mS3 or pCi m’3; 
Wet and dry deposition velocity, m d ’ ;  
Soil depth of mixing (surface soil), m; 
Soil dry bulk density, kg m”; and 
Accumulation time, d. 

CQ 
vd - 

- 

- Cair  ‘d T 
SDbulk BD 

- ‘ so i l  (bu lk )  

Where: 

c,,, - - - - - c, 
v, 

= 
B D =  
T - 

Equilibrium concentration of cmmmhnt in bulk soil, pg kg-’ or pCi kg-’; 
Average concentration of contamimnt in air, pg m” or pCi m”; 
Wet and dry deposition velocity, m d’; 
Soil depth of mixing (bulk soil), m; 
Soil dry bulk density, kg m”; and 
Accumulation time, d. 

- 

- 
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TABLE E 3  

INPUT PARAMETERS FOR THE DETERMINATION OF CONTAMINANT 
CONCENTRATIONS IN SOIL As A RESULT OF ROUTINE AIRBORNE RELEASES 

Parameter Unft M u t i o n  Characteristics of 
Distribution 

m a' lognormal GM = 260 
GSD = 1.7 

Vd 

T d point estimate 365 

~ ~ n r r f l c e  m point estimate 0.01 

SDbulk m point estimate 0.25 

BD kg mS3 w a r  mode = 1400, 
range = 1100 to 1700 

Determination of Contaminant Concentrations in Soil (Except Americium-241) 

The method used to determine cumulative contaminant concentrations in the surface soil and bulk 
soil compartments is similar. The calculation of cumulative plutonium-239/240 concentrations 
(in terms of mass concentration) in the surface soil compartment at the centroid of Sector 4 
between 1953 and 1956 is used as an example to illustrate this method. The calculation process 
can be divided into three steps: 

(1) Predicted annual average plutonium-239/240 concentrations in air at the centroid of 
Sector 4 between 1953 and 1956 are obtained from Table E-2: 

Predicted annual average Pu-239/240 concentration 
Year 

1953 3.1 x loe9 

in air at the centroid of Sector 4 (in pCi m-3) 

I 1954 1 .OX 

1956 3.7 x 
1955 1.2 x io-' 

(2) Using the estimated air concentrations and equations provided in Figure E-1 , plutonium- 
239/240 concentrations in the surface soil compartment due to wet and dry deposition are 
determined for each year independently: 
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Predicted annual average pU-239/240 concentration 
in surface soil @Ci kg-') at the centroid of Sector 4 

_ _  
Year 

~~~ -~ _ _ _ ~ _ _ _ _  -~ ~ 

1953 2.1 x 10-5 

1956 2.5 x 10-3 

1954 7.0 x lo4 
1955 7 . 8 ~  lo4 

(3) Finally, cumulative plutonium-239/240 concentration in the surface soil compartment for 
a particular year is calculated by summing all the annual average soil concentrations up 
to that year: 

Predicted cumulative Pu-239/240 concentration 
in surface soil @Ci kg-') at the centroid of Sector 4 Year 

1953 2.1 x 1 0 5  
1954 7.2 x 10" 
1955 1.5 x 10-3 
1956 4.0 x 10" 

Cumulative contaminant concentrations in the surface soil compartment (in pCi kg-' and pCi m-2 
for radionuclides and pg kg-' for chemicals) and the bulk soil compartment (in pCi kg-' for 
radionuclides and pg kg-' for chemicals) are similarly determined for other contaminants and 
years. Again, Monte Carlo simulation is used to account for the uncertainty in each of the inputs 
in calculating the estimate and its associated uncertainty. 

Determination of Americium-241 Concentrations in Soil 

The determination of cumulative americium-241 concentration in soil is slightly different from 
the method described above because both the airborne releases of americium-241 and plutonium- 
241 contribute to americium-241 concentration in soil. The method can be divided into four 
steps and is best explained by an example. The concentration of americium-241 in the surface 
soil compartment at the centroid of Sector 4 in 1955 can be determined as follows: 

(1) The cumulative americium-241 concentration in surface soil in 1955 due to americium- 
241 routinely released in previous years (Cma(hul& is determined using the method 
just described for plutonium-239/240. Csoil(bul)d- is calculated to be 3.36 X 10" 
pCi kg-'. 

(2) Based on the estimated annual release rate of plutonium-241 and the deposition model, 
annual plutonium-241 concentrations in soil between 1953 and 1955 are determined: 
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= 1.lOXlPpCi kg-’ 
ClOil(Pu-241)1954 = 3.57 X 10” pCi kg-’ 
~lOil(Pu-241)1955 = 3.95 ~ 1 0 ”  pCi kg-’ I 
‘l0il(Pu-241)1953 

Where: 
Plutonium-241 concentration in the surface soil compartment due 
to plutonium-241 released in 1953; 
Plutonium-241 concentration in the surface soil compartment due 
to plutonium-241 released in 1954; and 
Plutonium-241 concentration in the surface soil compartment due 
to plutonium-241 released in 1955. 

- 
csoil(Pu-241)1%3 - 

4 
- ClOil(pu-241)1954 - 

CWil(Pu-241)1%5 - - 

(3) Cumulative concentration of americium-241 in the surface soil compartment in 1955 due 
to the decay of plutonium-241 deposited between 1953 and 1955 is determined by the 
following equation: 

+ [ c~il(pu-241)1%5 * (le-‘-) * R1 

= 5.87x1OdpCi kg-’ 

Where: 

CWll ( ~ - 2 4 1 ) , ~ , m  = Concentration of americium-241 in the surface soil compartment 
in 1955 due to the plutonium-241 deposited between 1953 and 
1955; 

h = Radioactive decay constant of plutonium-241, equals to 0.693/half- 
life of plutonium-241 or 0.693/14.4 y; 

The ratio of pCi atom-’ for americium-241 to pCi atom-’ for 
plutonium-241. This simplifies to the ratio of the radioactive decay 
constant for americium-241 to the radioactive decay constant for 
plutonium-241, which is -equal to 0.033; 

R = 

_ .  

T1 = 1955 - 1953 = 2 y; 
T 2 =  
T3 = 1955 - 1955 = 0 y. 

1955 - 1954 = 1 y; and I i 
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(4) Cumulative concentration of americium-241 in the surface soil compartment in 1955 is 
determined by summing the americium-241 concentration in soil due to direct americium:------ 
241 releases~and~americium-24l-concentration-in~soil-due to the decay of deposited 
plutonium-24 1 : 

____ ._ __--- - -- 

- 
csoil (Am-241)1%5 - C~il(Am-241)dirat  + c~il(Am-24 1 )indirect ' 

= 3.36x104+ 5.87xlO"pCi kg-' 
= 3.41 x 1O"pCi kg-' 

This approach is used to calculate americium-241 concentrations in the surface soil and bulk soil 
compartments from 1953 to 1989. Monte Carlo simulation is again used to propagate the 
uncertainties associated with this calculation. 

REFERENCES 

Brenk, H.D., J.E. Fairobent and E.H. Markee, Jr. (1983). " Transport of Radionuclides in the 
Atmosphere" in A 'Ikxlbook QD F.nvironmental Dose Analvsls. * Edited 
by Till, J.E. and H.R. Meyer. NUREGKR-3332, OWL-5968, U.S.  Government Printing 
Office, Washington, D.C. 

ChemRisk. (1992). Estimating Historical Emissions from Rocky Flats. Project Task 5 .  Draft 
Report. November. Repository Document TA-1240. 

ChemRisk. (1993). Exposure Pathway Identification and Transport Modeling. Project Task 6 
Draft Report. May. Repository Document TA- 124 1. 

0914CDJ3 

_--- 

E-1 1 



APPENDIX F 

DETERMINATION OF AIR AND SOIL 
CONCENTRATIONS FOR THE 1957 AND 1969 FIRES 



APPENDIX F 

Exposure Point 

_ _ _ _  - ~- - ~ -__ - 

DETERMINATION OF AIR AND SOIL 
CONCENTRATIONS FOR THE 1957 AND 1969 FIRES 

Predicted Pu-239/240 
Concentration in Air (pci m-') 

During the 1957 and 1969 fires, particles of plutonium-239/240 were released and carried off-site 
by wind currents and eventually deposited onto the ground surface. A detailed description of 
what we know about the two accidents is provided in the Tasks 3 and 4 and Task 6 reports 
(ChemRisk, 1992 and 1993). Using the available environmental monitoring data collected during 
and immediately after the accidents and an air dispersion model, plutonium-239/240 
concentrations in air at various exposure points were determined in Task 6 and are summarized 
in Table F-1 for the 1957 fire and Table F-2 for the 1969 fire. 

Plume A (eastsoutheast) 

TABLE F-1 

I 

PREDICTED PLUTONTUM-239/240 
CONCENTRATIONS IN AIR FOR "HE 1957 FIRE 

5 miles 

8 d e s  

5 . 3 0 ~  10.' 

4.21 x 10.' 

3 miles I 6.23 x 10.' II 

3 miles 

5 miles 

8 miles 

3.22 x 10.' 

1.90 x 10.' 

9.66 x 

Denver 

Lakewood 

Longmont 

0914CDJ3 
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TABLE F-2 

PREDICTED PLUTONTuM-239/240 
CONCENTRATIONS IN AIR FOR THE 1969 FIRE 

Exposure Point Predicted Pu-239/240 
Concentration in Air (pCi m”) 

3 miles 1.17 x 10.’ 
I 

5 miles 4.39 X l o 2  
8 miles 1.99 x 10’’ 

Plume D (southwest) 

3 miles 5.47 x 10-3 

5 miles 2.01 x 10’  

8 . 3 6 ~  lo4 8 miles 

Denver 0 

Lakewood 0 

L I Longmont 0 

In the Task 5 report, it was estimated that the average activity ratio of americium-241 to 
plutonium-239/240 is 23% (ChemRisk, 1992). Using this information and the predicted 
plutonium-239/240 concentrations in air listed in Tables F-1 and F-2, americium-241 
concentrations in air associated with the two accidents can be calculated. For example, the 
predicted americium-241 concentration in air due to the 1969 fire in plume C (east) at 8 miles 
from the plant can be calculated as follows: 

Where: 

(Cair),,,,, = Predicted americium-241 concentration in air in plume C (east) at 
8 miles from the plant, pCi m-3; and 

I 

I 

(Cair)h-239,240 = Predicted plutonium-239/240 concentration in air in plume C (east) 
at 8 miles from the plant, pCi m-3. 
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-_h.thisappendix, the predicted air concentrations are used in conjunction with a deposition model 
for the determution of plutomum=239/240-concentrations~~~soil as a result of the two fires. 
The approach and method used in th is  appendix are similar to those described 111 Appendix-E:--------- 
Equations shown in Figure E-1 can also be used to calculate contaminant concentrations in soil 
as a result of the fires; however, some of the input parameters that are used in the equations are 
different. 

--.--;--- - ___ .  

For example, wet and dry deposition is considered in the calculation of soil concentrations as a 
result of the routine airborne releases. As discussed in the Task 6 report, no precipitation was 
recorded in the Rocky Flats region during the 1957 and 1969 fires. Therefore, the vd used to 
model these two release events does not include precipitation scavenging or wet deposition. In 
this assessment, vd is assumed to have a value of 0.1 cm s e d  or 86 m d-' (ChemRisk, 1993). 
Due to the breaching of the HEPA frlters in the 1957 fire, there is considerable uncertainty about 
the size of the particles released during the fire. Therefore, a relatively large uncertainty factor 
of 10 (GM of 1 and GSD of 3.2) is assigned to the V, used in the evaluation of the 1957 fire 
(ChemRisk, 1993). By contrast, plutonium particles released during the 1969 fire are believed 
to have passed through HEPA filters and are likely to be submicron in size. As a result, a 

evaluation of 1969 fire (ChemRisk, 1993). 

The accumulation times, T, used to calculate plutonium-239/240 concentrations in soil associated 
with the fires are also different from those associated with routine releases. Since doses 
associated with routine airborne releases are evaluated on an annual basis, annual average soil 
concentrations are determined in Appendix E. This is achieved by specifying T equal to 365 d. 
However, the 1957 and 1969 fires are both short-term events and the accumulation time should 
be equal to the duration of the accidents, or 13.5 h for the 1957 fire and 17.5 h for the 1969 fire 
(ChemRisk, 1993). 

smaller uncertainty factor of 3 (GM of 1 and GSD of 1.7) is assigned to the vd used in the 
I;' 

I 

Uncertainties associated with the predicted air concentrations of the fires have been estimated in 
the Task 6 report (ChemRisk, 1993). Again, because of the uncertainties associated with the 
input parameters, soil concentrations cannot be determined by simple arithmetic. Instead, Monte 
Carlo simulation is used to determine the soil concentrations and the associated uncertainties. 
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DETERMINATION OF PLuTONIUM-239/240 CONCENTX-ONS 
IN AIR AND SOIL FOR THE 903 PAD RELEASE 

Introduction 

The 903 Pad release began when plutonium-contaminated cutting oil and solvents, stored in 
drums to await recycling for recovery of plutonium, leaked into the soil. Because of the high 
value and safety hazard of plutonium, the cutting oil and solvent were filtered prior to storage 
to remove particles greater than about 2 to 3 microns in diameter (ChernRisk, 1993). When 
some of the drums corroded and began leaking, plutonium in the cutting oil was incorporated 
in soil particles and carried off-site by the action of wind. It is estimated that contaminated soil 
particles from submicron to 150 micron in diameter could have been carried by the wind. As 
described in the Task 6 report, the Fugitive Dust Model (FDM) was used to model the dispersion 
and deposition of various sizes of contaminated soil particles from the 903 Pad. 

This appendix describes the approach to estimating plutonium-239/240 concentrations in air and 
soil as a result of the 903 Pad release for use in the exposure model. As explained in Section 
3.3.2 of this report, the 903 Pad incident is treated as a discrete release event of five years 
duration. For a given location, a single dose estimate is determined for exposure over the period 
of the pad release (1965 to 1969), and the doses associated with the deposited materials are 
separately calculated for the period after the release ended (1970 to 1989). This approach 
represents a simplification of the more complex and variable release that took place over the 
approximate five-year period during which contaminants were being directly released from the 
pad, and the period following the direct releases during which surface soil concentrations may 
have slowly decreased. During the period of direct release from the pad, some days, weeks, or 
months may have been associated with higher or lower releases than others during the release 
period. However, determining releases and exposures on a finer time-scale is limited by the 
absence of detailed information regarding the timing of site disturbances and site meteorology. 
The air dispersion model predictions developed using this simplified approach are directly 
applicable to the calculation of average direct exposures by inhalation from the entire event. 
However, the modeling predictions require a number of mathematical manipulations to produce 
inputs that are compatible with the exposure model for calculating indirect pathway exposures, 
and th ls  appendix details these manipulations. 

FDM Predictions Associated with the 903 Pad Release 

Average plutonium-239/240 concentrations in air and 5-year cumulative plutonium-239/240 
concentrations in soil predicted by the FDM at different exposure points are presented in 
Table G-1. It is important to note that the air concentrations listed in the table represent 
radioactivity associated with soil particles in the respirable range, i.e., less than 8-micron in 
aerodynamic diameter. These air concentrations are only suitable for the evaluation of the direct 
inhalation exposure pathway. These predicted average respirable plutonium-239/240 
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concentrations in air have also been used to evaluate exposures associated with immersion. 
Ideally, the total concentration of plutonium-239/240 contaminated soil particles in air should be 
used to evaluate the immersion exposure pathway. The use of respirable concentrations is likely 
to underestimate radiation dose associated with immersion exposure; however, immersion is not 
an important pathway for plutonium-239/240 and does not significantly contribute to the total 
radiation dose. As shown in Appendix M, the estimated dose associated with direct inhalation 
of soil particles released from the 903 Pad is about ten orders of magnitude higher than that 
associated with immersion exposure. Therefore, this approach will not lead to the 
underestimation of the total radiation dose. 

The predicted respirable concentrations of plutonium-239/240 are not suitable for the evaluation 
of contamination of vegetables and pasture through deposition and interception of airborne 
contaminants. Furthermore, the plutonium-239/240 concentrations in soil listed in Table G-1 are 
areal concentrations reported in units of pCi m-2. The presented soil concentrations have to be 
converted to plutonium-239/240 concentrations in the surface and bulk soil compartments (in 
pCi/kg) before they can be used in the exposure model. In the following sections, the 
determination of plutonium-239/240 concentrations in air needed to estimate daily deposition 
rates to plants and pasture, and the concentration of plutonium-239/240 in surface and bulk soil 
compartments is described. 

Determination of Air Concentrations for Purposes of Estimating Average Daily Deposition 
to Plants and Pasture 

Throughout the period of direct release from the pad, contaminants would have deposited to 
plants (vegetable pathway) and pasture (milk and beef pathways). The concentration of all 
contaminated soil particles suspended, not just the respirable fraction that was predicted using 
the FDM, is required for the evaluation of deposition and interception of airborne contaminants. 
The cumulative plutonium-239/240 concentrations in soil predicted by the FDM can be used to 
back-calculate total concentrations of soil particles in air. For the purpose of this assessment, 
it is assumed that the release and deposition rates of coniaminated soil particles from the 903 Pad 
were constant from 1965 to 1969. Based on this assumption, the amount of plutonium-239/240 
contaminated soil particles deposited on a daily basis can be calculated as follows: 

Where: 

AD = Areal deposition rate of plutonium-239/240 on particles, pCi m-’ d-’; 
CWi, = Cumulative areal concentration of plutonium-239/240 in soil predicted by 

the FDM, pCi m-’; 
MU = Uncertainty factor associated with the FDM soil predictions, 

dimensionless; 
DR = Duration of release and deposition of contaminated soil particles, 5 y or 

1825 d. 
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PREDICTED PLUTONIUM-239/240 CONCENTRATIONS 
IN AIR AND SOIL ASSOCIATED WITH THE 903 PAD 

RELEASE USING THE FUGITIVE DUST MODEL 
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Exposure equations used to evaluate contamination of vegetables and pasture due to the 
deposition of airborne contaminants are presented in Appendix I. For the evaluation of 903 Pad 
release, the term (Cir x V,) in the equations is replaced with AD. 

Determination of Soil Concentrations in Surface and Bulk Soil Compartments 

The exposure model used to estimate doses to the public requires estimates of contaminant 
concentrations in both the surface soil compartment (1 cm depth) and the bulk soil compartment 
(up to 25 cm depth). Surface soil compartment concentrations affect exposure via the following 
pathways 

0 Ground exposure, 
0 Soil ingestion, 
0 Resuspension, and 
0 Beef and milk via surface soil ingestion. 

The bulk soil compartment concentrations affect exposure via: 

ti 0 Vegetable ingestion from root uptake of contamin 1, 
0 

0 

Wheat ingestion from root uptake of contamination, and 
Beef and milk from pasture that has taken up’contaminants through roots. 

The concentration of plutonium-239/240 in the surface and bulk soil compaments is estimated 
for a single point in time, 1969, when the pad was covered and direct release of contamination 
ceased. For the purposes of this analysis, we have assumed that the soil concentration estimated 
for 1969 is applicable for evaluating soil-related exposures throughout the direct release period 
(1965 through 1969), as well as the period from 1969 to 1989. This assumption will likely 
overestimate to some degree both the exposures that occurred during direct pad releases and after 
the pad was covered. During the years of direct pad release, soil concentrations would have 
been increasing to 1969 levels. Assuming that soil concentrations were at 1969 levels over the 
period of direct release is llkely to overestimate soil-related radiation doses by a factor of 1.5 
to 2 during this five-year period. For the years after the direct releases ceased, soil 
concentrations of plutonium-239/240 would be expected to decrease slowly due to infiltration loss 
to the deep soil and other transport mechanisms. However, the relatively low water solubility 
of plutonium compounds would suggest a very low loss rate from the soil. The following 
discussion describes the approach used to estimate surface and bulk soil concentrations associated 
with the 903 Pad release. 

In Task 6, the total plutonium inventory in soil due to the 903 Pad was estimated by assuming 
that 20 percent of the deposited plutonium is in the top 1 cm of the soil and 100 percent of the 
plutonium is in the top 15 cm of the soil (ChemRisk, 1993). Similar assumptions are used in 
this analysis to calculate plutonium-239/240 concentrations in the surface and bulk soil 
compartments based on the predicted areal soil concentrations. The following equations are used 
to calculate the surface and bulk soil compartment concentrations of plutonium-239/240: 
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Where: 

Csoil(rudacc) = Cumulative areal concentration of plutonium-239/240 in surface 
soil, pCi m-’; 

Csoil = Cumulative areal concentration of plutonium-239/240 in soil 
predicted by the FDM, pCi m-’; 

MU = Uncertainty factor associated with the soil concentrations predicted 
by FDM, dimensionless; 

Frudacc = Fraction of deposited plutonium-239/240 in the surface soil 
compartment, dimensionless; and 

SIU = Uncertainty factor associated with Fsudacc, dimensionless. 

This soil concentration is used for the determination of radiation dose associated with the soil 
resuspension and ground exposure pathways. 

(2) Surface soil concentration based on mass (in pCi kg-’) 

Where: 

Csoil 

MU 

Fsudace 

SIU 

BD 
SDsudace 

= Cumulative concentration of plutonium-239/240 in surface soil, pCi 
kg“; 

= Cumulative areal concentration of plutonium-239/240 in soil 
predicted by the FDM, pCi m-’; 

= Uncertainty factor associated with the soil concentrations predicted 
by FDM, dimensionless; 

= Fraction of deposited plutonium-239/240 in the surface soil 
compartment, dimensionless; 

= Uncertainty factor associated with FsUdaEe, dimensionless; 
= Soil depth of mixing (surface soil), m; and 
= Dry soil bulk density, kg m-3. 

This soil concentration is used for the determination of radiation dose associated with the soil, 
milk and beef ingestion pathways. 
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(3) Bulk soil concentration (in pCi kg-') 

Parameter unit Distribution Characteristics of 
Dishibution 

MU dimensionless lognormal G M = l ,  GSD=3.3 

F,,, dimensionless point estimate 0.2 

Fbult dimensionless point estimate 1 .o 

SDSU, m point estimate 0.01 

SIU dimensionless lognormal GM=1, GSD=1.2 

SDbulk m point estimate 0.25 

BD kg m-' triangular mode = 1400, 
range = 1100 to 1700 - 

I Where: 

csail(bulk) = Cumulative concentration of plutonium-239/240 in bulk soil, 
pCi kg-I; 

Csoil = Cumulative areal concentration of plutonium-239/240 in soil 
predicted by the FDM, pCi m-'; 

MU = Uncertainty factor associated with the soil concentrations predicted 
by FDM, dimensionless; 

F b U k  = Fraction of deposited plutonium-239/240 in the bulk soil 
compartment, dimensionless; 

SDbulk = Soil depth of mixing (bulk soil), m; and 
BD = Dry soil bulk density, kg m-3. 

This soil concentration is used for the determination of radiation dose associated with the 
vegetable, wheat, milk and beef ingestion pathways. 

Table G-2 presents the values of the parameters used in the determination of soil concentrations 
for the 903 Pad release. Since a number of the inputs to these calculations are expressed in 
terms of a probability distribution, Monte Carlo techniques are used to perform these calculations 
and propagate the identified uncertainties. 

TABLE 6-2 
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DETERMINATION OF AMERICIUM-241 CONCENTRATIONS 
IN AIR AND SOIL FOR THE 903 PAD RELEASE 

.-. 



Appendix G presented the methodology used to estimate plutonium-239/240 concentrations in 
air and soil for the 903 Pad release. However, these were not the only contaminants released 
from the 903 Pad during this event. As discussed in the Task 5 report, Rocky Flats plutonium 
also contained plutonium-241 and its daughter americium-241. The exact composition 'of this 
material is likely to have varied over the operational history of the plant for a number of reasons, 
one of which is the fact that plutonium-241 has a half-life of only 14.4 years (Chemrisk, 1992a). 
Nevertheless, we estimated in Task 5 that, on average, the beta activity of plutonium-241 and 
the alpha activity of americium-241 are 5.06 and 0.23 times the alpha activity of 
plutonium-239/240, respectively (ChemRisk, 1992a). 

This appendix describes the approach to estimating americium-241 concentrations in air and soil 
as a result of the 903 Pad release for use in the exposure model. Similar to the approach used 
to estimate plutonium-239/240 concentrations in air and soil from the 903 Pad described in 
Appendix G, the release of americium-241 from the 903 Pad is also treated as a discrete event 
of five years duration. For a given location, a single dose estimate is determined for exposure 
over the period of the pad release (1965 to 1969), and the doses associated with the deposited 
contaminants are calculated separately for the period after the release ended (1970 to 1989). A 
key difference in the approach to estimating americium-241 concentrations is the fact that there 
are actually two sources of americium-241 that must be taken into account: the americium that 
was already present in the oil when it was placed in the drums, and the natural decay of 
plutonium-241 into americium-241 that took place while the oil was still in the drums and after 
it leaked into the soil and was released into the environment. A number of mathematical 
manipulations are required to determine americium-243 concentrations in air and soil for the 
evaluation of the periods during and after the 903 Pad release, and this appendix details these 
manipulations. 

Age of Plutonium441 

Information presented in the Tasks 3 and 4 report indicated that cutting oil and solvents 
contaminated with plutonium particles were stored in steel drums and placed on the pad between 
late 1958 and early 1967 (ChemRisk, 1992b). Evidence of drum leakage and contamination of 
the soil became apparent in early 1964 and the first drum was removed in January, 1967. The 
removal of drums was complete by June 1968 and the pad was covered with fill material and 
asphalt by November 1969. Since we do not have a careful accounting of the time when the 
plutonium waste was generated and when it was released into the environment, we have to make 
some assumptions regarding the typical age of plutonium-241. For the purpose of calculating 
americium-241 concentrations in air and soil due to the 903 Pad, the age of the plutonium-241 
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in soil stored on the pad is assumed to be the difference between the mid-point (1963) of the 
storage period (1958 to 1967) and the time when the pad was covered with asphalt in 1969, i.e., 
6 years. Based on this assumption, the determination of americium-241 concentrations in air and 
soil is described in the following sections. 

Determination of Americium-241 Concentrations in Air 

As discussed above, the amount of americium-241 in the 903 Pad waste oil is comprised of the 
amount of americium-241 originally present in the waste and the amount that would have been 
formed as a result of radioactive decay of plutonium-241. The portion of the americium-241 
Concentration in air derived from that originally present in the waste oil can be back-calculated 
from the plutonium-239/240 concentration in air predicted by the Fugitive Dust Model (FDM) 
presented in Table G-1 : 

Where: 

Cair(Am-241)original = Americium-241 concentration in air due to americium-24 1 
originally present in the waste, pCi m-3; 

Cair(h-239/240) = Plutonium-239/240 concentration in air predicted by the FDM, 
pCi m-3; and 

0.23 . = The ratio of americium-241 alpha activity to plutonium-239/240 
alpha activity in Rocky Flats plutonium, dimensionless. 

The additional amount of americium-241 formed during the storage period and its contribution 
to the total americium-241 concentration in air can be back-calculated from the 
plutonium-239/240 concentration in air predicted by the FDM (Table G-1) and the assumed 
decay time of 6 y: 

Where: 

Cair(Am-241)daay = Americium-241 concentration in air due to the decay of 
plutonium-241 originally present in the waste, pCi m”; 

Cair(h239/240) = Plutonium-239/240 concentration in air predicted by the FDM, 
pCi m-3; . 

5.06 = The ratio of plutonium-241 beta activity to pIutonium-239/240 
alpha activity in Rocky Flats plutonium, dimensionless; 
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h = Radioactive decay constant of plutonium-241, which is equal to 
0.69304.4 y or 0.048 y-'; 

Storage time of the waste on the pad before it was released, 
6 y; and 

- - -- 

t = 

R = The ratio of pCi atom-' for americium-241 to pCi atom-' for 
plutonium-241. This simplifies to the ratio of the radioactive decay 
constant for americium-241 to the radioactive decay constant for 
plutonium-241, which is equal to 0.033. 

The total americium-241 concentration in air is simply the s u m  of the two. components: 

It should be noted that, just as with the air concentrations presented in Table G-1, the 
americium-24 1 concentrations in air determined in this section represent radioactivity associated 
with soil particles in the respirable range, i.e., less than 8-micron in aerodynamic diameter. 
These air concentrations are only suitable for the evaluation of direct inhalation exposure 
pathway between 1965 and 1969. 

When the 903 Pad was covered with asphalt in 1969, there was no further direct contaminant 
release from the pad; therefore, inhalation and immersion exposures are not considered 
applicable for the period between 1970 and 1989 and americium-241 concentrations in air are 
not calculated. 

Determination of Americium-241 Concentrations in Soil 

The method used to calculate americium-241 concentrations in the surface and bulk soil 
compartments is the same as that described in Appendix G for plutonium-239/240. An example 
of the calculation of americium-241 concentration in the surface soil compartment (by mass) is 
presented in this section to illustrate the method. Similar to the calculation of air concentrations, 
the americium-241 concentration in the surface soil compartment can be considered to be made 
up of two components: americium-241 originally present in the waste and americium-241 formed 
as a result of the decay of plutonium-241 originally present in the waste. Both of these 
components are calculated based on the plutonium-239/240 concentrations in the surface soil 
compartment (by mass) determined in Appendix G: 

2 

Where: 

Cs0il(~-241~0rigid = Americium-24 1 concentration in the surface soil compartment due 
to the americium-241 originally present in the waste oil, pCi kg-'; 
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Cs0ij(p,,-239/240) = Plutonium-239/240 concentration in the surface soil compartment, 
pCi kg-I; and 

0.23 = The ratio of americium-241 alpha activity to plutonium-239/240 
alpha activity in Rocky Flats plutonium, dimensionless. 

The additional amount of americium-241 formed during the storage period and its contribution 
to the total americium-241 concentration in the surface soil compartment can be back-calculated 
from the plutonium-239/240 concentration in soil and the assumed decay time of 6 years: 

- 
csoil(Am-241)dccay - csoil(pu-239/240) 5 - 0 6  [1*xp(-h t)] 

Where: 

5.06 

h 

t 

R 

Americium-241 concentration in the surface soil compartment due 
to the decay of plutonium-241 originally present in the waste oil, 
pCi kg-I; 

Plutonium-239/240 concentration in the surface soil compartment, 
pCi kg"; 

The ratio of plutonium-241 beta activity to plutonium-239/240 
alpha activity in Rocky Flats plutonium, dimensionless; 

Radioactive decay constant of plutonium-241, which is equal to 
0.693114.4 y or 0.048 y-'; 

Storage time of the waste on the pad before it was released, 
6 y; and 

The ratio of pCi atom-' for americium-241 to pCi atom-' for 
plutonium-241. This simplifies to the ratio of the radioactive decay 
consfant of americium-241 to the radioactive decay constant for 
plutonium-241, which is equal to 0.033. 

The total americium-241 concentration in the surface soil compartment is calculated by summing 
the two components: 

Similar to the determination of plutonium-239/240 concentrations in soil in Appendix G, the soil 
concentrations calculated by the method shown above are estimated for a single point in time, 
1969. For the purpose of this analysis, we have assumed that the soil concentration estimates 
for 1969 are applicable for evaluating soil-related exposures throughout the direct release period 
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(1965 through 1969). This assumption will likely overestimate to some degree the 
americium-241 doses received by the public through soil-related exposure pathways. 

The calculation of americium-241 concentrations in soil for the period after direct releases ceased 
(1970 to 1989) accounts for the additional ingrowth of americium-241 on an annual basis from 
the decay of plutonium-241. For example, americium-241 concentrations in the surface soil 
compartment (by mass) in a later year can be calculated by using the same equations and input 
parameters identified before with the exception of decay time, t. For example, to calculate the 
soil concentration in 1977, a decay time of 14 years (1963-1977) is used instead of 6 years. 
Using this approach, americium-241 concentrations in the surface and bulk soil compartments 
are calculated for all of the years from 1970 through 1989. Since a number of the inputs to the 
calculations presented in h s  appendix are expressed in terms of probability distributions, Monte 
Carlo techniques are used to perform these calculations and propagate the identified uncertainties. 
A description of the probability distributions for the input parameters is presented in Table G-2. 

~~ - __ - -- -- ~- __ - - - ~ 

REFERENCES 

ChemRisk. (1992a). Estimating Historical Emissions from Rocky Flats. Project Task 5 .  Draft 
Report. November. Repository Document TA-1240. 

ChemRisk. (1992b). Reconstruction of Historical Rocky Flats Operations and Identification of 
Release Points. Project Tasks 3 & 4 . Final Draft Report. August, 1992. 

1 

I 

i 

0914CDJ4 H-5 



0914CD14 

, 

H-6 



APPENDIX I 

EXPOSURE PATHWAY EQUATIONS 
FOR CHEMICALS AND RADIONUCLIDES 



This appendix presents the exposure equations used in this assessment to calculate chemical and 
radiation doses. Since there are differences in how chemical and radiation dose are defined, 
separate, although similar, equations are used. For chemicals, intake doses are calculated in terms 
of milligram chemical per unit body weight per day (mg kg-’ d-l) and milligram chemical per year 
(mg y.’). For radionuclides, the equations are divided into two parts. The first equation is used 
to calculated radiation intake in terms of picocuries per year (pCi y-I). The second equation is 
used to calculate radiation dose in terms of sieverts per year (Sv y-I). A radiation dose expressed 
in Sv y-’ can be converted to rem y” by multiplying by 100. It should be noted that the 
determination of intake is not appropriate for immersion and ground exposure, because exposure 
occurs without the contaminant being taken up by the body. In these cases, only an equation for 
radiation dose is presented. 
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EXPOSURE PATHWAY EQUATIONS 
FOR CHEMICALS 



.Air  + Humans (Inhalation) 

where: 

I,, = Daily intake of chemical per unit body weight due to inhalation, 
mg kg-ld”; 

Annual intake of chemical due to inhalation, mg y-’; I = 

C,, = Average concentration of chemical in air, mg m‘3; 

U,, = Volume of air inhaled per day, m3 d-’; 

f, = Fraction of time that a person is exposed, dimensionless; 

f, = Indoor/outdoor shielding factor, dimensionless; 

BW = Average body weight of an adult, kg; and . 

Tt - - Exposure duration, 365 d y”. 
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Air + Soil -+ Humans (Ingestion) 

where: 

I,oa = Daily intake of chemical per unit body weight due to incidental soil 
ingestion, mg kg-' d-I; 

Annual intake of chemical due to incidental soil ingestion, mg y"; I 'soil - - 

Croil(r4= Equilibrium concentration of chemical in surface soil, m g  kg"; 

urea = Average daily ingestion of soil, kg d-'; 

BW = Average body weight of an adult, kg; 

f, - - 

T, - - Exposure duration, 365 d y". 

Fraction of soil ingested that is contaminated, dimensionless; and 
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Air (Particulates) -+ Vegetables + Humans 

where: 

c v c g  Equilibrium concentration of chemical on washed leafy vegetables 
(wet weight), mg kg”; 

Equilibrium concentration of chemical in bulk soil, mg kg”; 

Concentration ratio for the transfer of chemical from dry soil to 
leafy vegetables (wet weight), dimensionless; 

Average concentration of chemical in air, mg m-3; 

Weathering rate constant, d-’ 
Deposition velocity, m d-I; 

Growth period or exposure period, d; 

Interception fraction by crop per crop biomass (wet weight) at 
harvest, m2 kg-I; and 

Fraction of chemical remain after washing, dimensionless. 
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1 

where: 

I v e g  
= Daily intake of chemical per unit body weight due to leafy vegetable 

ingestion, mg kg-' d-'; 

= Annual intake of chemical due to leafy vegetable ingestion, mg y- ' ;  

= Equilibrium concentration of chemical on vegetables (wet weight). 
mg kg"; 

= 

- - Fraction of vegetables consumed that is contaminated, 

Average daily consumption of vegetables (wet weight), kg d-'; 

dimensionless; 

BW = Average body weight of an adult, kg; and 

- - Exposure duration, 365 'd y". 
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where: 

Equilibrium concentration of chemical on pasture (dry weight), 
mg kg-‘; 

Equilibrium concentration of chemical in bulk soil, mg kg-’; 

Concentration ratio for the transfer of chemical from dry soi,l to 
pasture (dry weight), dimensionless; 

Average concentration of chemical in air, mg 

Deposition velocity, rn d”; 

Interception fraction by pasture per pasture biomass (dry weight) at 
harvest, m2 kg”; 

Weathering rate constant, d” and 

Growth period or exposure period, d. 
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I Pasture + Beef 

Ctwe/@mt) = Equilibrium concentration of chemical in beef, mg kg"; 

c p 0 t  = Equilibrium concentration of chemical on pasture (dry weight), 
mg kg"; 

I 
Qpmte) 

= Daily ingestion of pasture (dry weight) by beef cattle, kg d-'; 

. Biotransfer factor from cattle intake to meat concentration, 
(mg kg-I) per (mg d-I); and 

- - F/  
I 

I Pastum --$ Milk 

where: 

- - Equilibrium concentration of chemical in milk, mg L-'; C d @ m t )  

I 
c p 0 t  = Equilibrium concentration of chemical on pasture (dry weight), 

mg kg-'; 

0914CDJS 

%(dJ 
= Daily ingestion of pasture (dry weight) by dairy cattle, kg d-'; 

F m  
- - Biotransfer factor from cattle intake to milk concentration, 

(mg L-I) per (mg d-'); and 

= Fraction of feed that is pasture, dimensionless. 
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where: 

Equilibrium concentration of chemical in beef due, to inhalation, 
mg kg-I; 

Average concentration of chemical in air, mg mA3; 

Daily inhalation rate of beef cattle, m3 d-'; and 

Biotransfer factor from cattle intake to meat concentration, 
(mg kg-I) per (mg d-'). 

- - 

Air + Milk 

where: 

CmiIk(ar)  
= Equilibrium concentration of chemical in milk due to inhalation, 

mg L-'; 

cmr = Average concentration of chemical in air, mg m-3; 

Qmr@, 
= Daily inhalation rate of dairy cattle, m3 d-'; and 

F m  - - Biotransfer factor from cattle intake to milk concentration, 
(mg L-') per (mg d-'). 
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Soil -+ Beef 

where: 

Cb*t.f(*Oil) 
= Equilibrium concentration of chemical in beef due to soil ingestion, 

rng kg‘’; 

C S O i l ( S 4  
= Equilibrium concentration of chemical in surface soil, mg kg”; 

Q i O i l f i ,  
= Daily ingestion rate of soil by beef cattle, kg d-’; 

Biotransfer factor from cattle intake to meat concentration, 
(mg kg-I) per (mg d-’); and 

- - F/  

I C  = Fraction of ingested soil that is contaminated, dimensionless. 

Soil -+ Milk 

where: 

I 

C d  ,roil) 
- - Equilibrium concentration of chemical in milk due to soil ingestion, 

mg L-’; 

Equilibrium concentration of chemical in surface soil, mg kg”; - c S O d ( S u ? n  
= 

= Daily ingestion rate of soil by dairy cattle, kg d-’; 

- - Biotransfer factor from cattle intake to milk concentration, 
(mg L.’) per (mg d.’); and 

F m  
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f c  
- - Fraction of ingested soil that is contaminated, dimensionless. 
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where: 

Ibrrf Daily intake of chemical per unit body weight due to beef ingestion, 
mg kg-’ d‘; 

Annual intake of chemical due to beef ingestion, mg y”; 

Equilibrium concentration of chemical in beef due to inhalation, 
mg kg”; 

Equilibrium concentration of chemical in beef due to ingestion of 
soil, mg kg-’; 

Equilibrium concentration of chemical in beef due to ingestion of 
pasture, mg kg”; 

Daily consumption of beef, kg d.’; 

Average body weight of an adult, kg; 

Fraction of beef consumed that is contaminated, 
dimensionless; and 

Tr 

0914CDJ5 

Exposure duration, 365 d y” 
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Milk + Humans 

where: 

Daily intake of chemical per unit body weight due to milk ingestion, 
mg kg-' d-l; 

Annual intake of chemical due to milk ingestion, mg y- ' ;  

Equilibrium concentration of chemical in milk due to inhalation, 
mg L-I; 

Vnlilh 

BW 

I;  

Equilibrium concentration of chemical in milk due to ingestion of 
soil, mg L-I; 

Equilibrium concentration of chemical in milk due to ingestion of 
pasture, mg L-I; 

Daily consumption of milk, L d'l; 

Average body weight of an adult, kg; 

Fraction of milk consumed that is contaminated, 
dimensionless; and 

Exposure duration, 365 d y-' 
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where: 

‘w hem Equilibrium concentration of chemical in wheat (wet weight), 
mg kg-’; and 

Equilibrium concentration of chemical in bulk soil, mg kg-’; 

Concentration ratio for the transfer of chemical from dry soil to 
leafy vegetables (wet weight), dimensionless. 

where: 

Daily intake of chemical due to wheat ingestion, mg kg-’ d-I; 

Annual intake of chemical due to wheat ingestion, mg y”.  

Equilibrium concentr,Ition of chemical in wheat, mg kg-’ (wet wt.), 

Conversion factor for wheat (wet) to flour (dry), dimensionless; 

Daily consumption of flour (dry), kg d-’; 

Fraction of wheat consumed that is contaminated, dimensionless; 

Average body weight of an adult, kg; and 

Exposure duration, 365 d y-I. 
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SoiVSediment + Air 

where: 

~.,,= 

A = 

Average concentration of chemical in air due to resuspension, mg mS3; 

Equilibrium concentration of chemical on surface soil, mg kg-I; 

M = 

F 

f" - - Conversion factor, kg mg". 

Mass loading of particles in ambient air, mg m'3; 

Enhancement factor, dimensionless; and - - 
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I 

I 

I 
I 

Daily intake of chemical per unit body weight due to water consumption, 
mg kg-’ d-’; 

Annual intake of chemical due to water consumption, mg y-’; 

Average concentration of chemical in water, mg L-’; 

Average daily consumption of drinking water, L d-’; 

Average body weight of an adult, kg; 

Fraction of water consumed that is contaminated, dimensionless; and 

Exposure duration, 365 d y-I. 

h 
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EXPOSURE PATHWAY EQUATIONS 
FOR RADIONUCLIDES 

I 
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Air + Humans (Inhalation) 

= Annual intake of radionuclide due to inhalation, pCi y”; 

Average concentration of radionuclide in air, pCi m-3; 

Volume of air inhaled per day, m3 d-’; 

Fraction of time that a person is exposed, dimensionless; 

Indoor/outdoor shielding factor, dimensionless; and 

Exposure duration, 365 d y”. 

- - 

- - 

= 

- - 

. 0914CD15 

Dose,, = Io, fu DCFinhohrion 

Radiation dose due to inhalation exposure, Sv y-’; 

Annual intake of radionuclide due to Inhalation, pCi y-’;  

Conversion factor, Bq pCi-’; 

Dose conversion factor for inhalation of radionuclide, Sv Bq-’ 
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Air + Soil + Humans (Ingestion) I 

I 

- 
Isoil - 'soil(- 'soi l  fc 'e 

where: 

IIoi, = Annual intake of radionuclide due to incidental soil ingestion, pCi y-'; 

Equilibrium concentration of radionuclide in surface soil, pCi kg"; 

usoil - - Average daily ingestion of soil, kg d-'; 

I C  = 

Tt - - Exposure duration, 365 d y". 

Fraction of soil ingested that is contaminated, dimensionless; and 

Dose,, = I,, fu DCF,,@,, 

where: 

Dosesoil = Radiation dose due to incidental soil ingestion, Sv y-'; 

4 O i i  
= Annual intake of radionuclide due to incidental soil ingestion, 

pCi y"; 

- - Conversion factor, Bq pCi"; f" 

DCF&tiO" = Dose conversion fac:or for ingestion of radionuclide, Sv Bq-I. 
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Dose due to air immersion, Sv y”; 

Average concentration of radionuclide in air, pCi m-3; 

Dose conversion factor for immersion in an infinite cloud, 
Sv y” per Bq ~ m ’ ~ ;  

Fraction of time exposed, dimensionless; 

Indoor/outdoor shielding factor, dimensionless; and 

Conversion factor, Bq per pCi m-3. 
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Air (Particulates) + Vegetables + Humans m 

where: 

f, 

Equilibrium concentration of radionuclide on washed leafy 
vegetables (wet weight), pCi kg-’; 

Equilibrium concentration of radionuclide in bulk  soil, pCi kg”; 

Concentration ratio for the transfer of radionuclide from dry soil to 
leafy vegetables (wet weight), dimensionless; 

Average concentration of radionuclide in air, pCi m.3; 

Weathering rate constant, d-’; 

Decay constant of radionuclide, d-’; 

Deposition velocity, m d-’; 

Growth period or exposure period, d; 

Interception fraction by crop per crop biomass (wet weight) at 
harvest, mz kg-’; and 

Fraction of radionuclide remain after washing, dimensionless. 
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Air (Particulates) + Vegetables + Humans 
(Continued) ___- - ----- - 

~~ ------------ 

__---- ---- - - - 
Associated Radiation Dose Calculation: 

where: 

keg = Annual intake of radionuclide due to leafy vegetable ingestion, 
pCi y-‘; 

‘vrg = Equilibrium concentration of radionuclide on vegetables (wet 
weight), pCi kg-’; 

uwr* 
= Average daily consumption of vegetables (wet weight), kg d.’; 

Fraction of vegetables consumed that is contaminated, 
dimensionless: and 

- - 
fc 

Tr = Exposure duration, 365 d y”.  

Dose, = Iwg fu DCFhga, 

where: 

DOSCvr* 
= Radiation dose due to leafy vegetable ingestion, Sv y-’;  

Jveg 
= Annual intake of radionuclide due to leafy vegetable ingestion, 

pCi y-I; 

f” = Conversion factor, Bq pCi-’; and 

DCFysCmlio, = Dose conversion factor for ingestion of radionuclide, Sv Bq-’ 
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Air (Particulates) -+ Pasturn 

where: 

Cp,, 

. -  

Equilibrium concentration of radionuclide on pasture (dry weight), 
pCi kg-I; 

Equilibrium concentration of radionuclide in bulk soil, pCi kg"; 

Concentration ratio for the transfer of radionuclide from dry soil to 
pasture (dry weight), dimensionless; 

Average concentration of radionuclide in air, pCi mS3; 

Deposition velocity, m d-'; 

Interception fraction by pasture per pasture biomass (dry weight) at 
harvest, m2 kg"; 

AM, + A, ; 

Weathering rate constant, de'; 

Decay constant of radionuclide, d-'; and 

Growth period or exposure period, d. 

09 I4CDJ5 1-22 



Pasturn + Beef 

----------- - -- 

where: 

Cbe./rP.rt) = ' Equilibrium concentration of radionuclide in beef, pCi kg-I; 

cp,, = Equilibrium concentration of radionuclide on pasture (dry weight), 
pCi kg''; 

QPMI(b) 
= Daily ingestion of pasture (dry weight) by beef cattle, kg d-'; 

Biotransfer factor from cattle intake to meat concentration, 
(pCi kg") per (pCi d-'); and 

- - F/  

I p  = Fraction of feed that is pasture, dimensionless. 

Pasturn + Milk 

I 

where: 

~ d h @ . r r )  = Equilibrium Concentration of radionuclide in milk, pCi L-'; 

091 4CDJS 

Cp,, = Equilibrium concentration of radionuclide on pasture (dry weight), 
pCi kg-'; 

Qp.rr(4 
= Daily ingestion of pasture (dry weight) by dairy cattle, kg d-'; 

F" - - Biotransfer factor from cattle intake to milk concentration, 
(pCi L') per (pCi d-'); and 

= Fraction of feed that is pasture, dimensionless. fP 
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where: 

CbC&ir) 
= Equilibrium concentration of radionuclide in beef due to inhalation, 

pCi kg-I; 

cir - - Average concentration of radionuclide in air, pCi mS3; 

Qpicbl 
- - Daily inhalation rate of beef cattle, m3 d-’; and 

Biotransfer factor from cattle intake to meat concentration, 
(pCi kg-’) per (pCi d-’). 

- - F /  

Air + Milk 

where: 

CmilhCai?) 
= Equilibrium concentration of radionuclide ir! milk due to inhalation, 

pCi L-I; 

C& - - Average concentration of radionuclide in air, pCi m’3; 

QM4 
- - Daily inhalation rate of dairy cattle, m3 d-l; and 

Biotransfer factor from cattle intake to milk concentration, 
(pCi L-’) per (pCi d-l). 

- - F* 
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Soil + Beef 

where: 

CbWf('0il) 
= Equilibrium concentration of radionuclide in beef due to soil 

ingestion, pCi kg"; 

Equilibrium concentration of radionuclide in surface soil, pCi kg"; 

Daily ingestion rate of soil by beef cattle, kg d-'; 

Biotransfer factor from cattle intake to meat concentration, 
(pCi kg-') per (pCi d.'); and 

C',,, 

Q'oilfi) 

= 

= 

- - F /  

I C  = Fraction of ingested soil that is contaminated, dimensionless. 

Soil + Milk 

where: 

Cmiukd) = Equilibrium concentration of radionuclide in milk due to soil 
ingestion, pCi L-'; 

Croil(rUql = Equilibrium concentration of radionuclide in surface soil, pCi kg-I; 

Q'oil(d) 
= Daily ingestion rate of soil by-dairy cattle, kg d-'; 

F m  - - Biotransfer factor from cattle intake to milk concentration, 
(pCi L-I) per (pCi d-l); and 

f c  = Fraction of ingested soil that is contaminated, dimensionless. 
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Beef + Humans 

where: 

Annual intake of radionuclide due to beef ingestion, pCi y.'; - - 
I b c r j  

ctwrjfir) 
= Equilibrium concentration of radionuclide in beef due to inhalation, 

pCi kg"; 

Cbrr/(loil) 
= Equilibrium concentration of radionuclide in beef due to ingestion 

of soil, pCi kg-1; 

Cbcrj@mrJ 
= Equilibrium concentration of radionuclide in beef due to ingestion 

of pasture, pCi kg"; 

' b e d  = Daily consumption of beef, kg d-'; 

f c  - - Fraction of beef consumed that is contaminated, 
dimensionless; and 

T r  - - Exposure duration, 365 d ye' .  

where: 

Dose,, = Radiation dose due to beef ingestion, Sv y-'; 

I k r j  

f" = Conversion fact, Bq pCi"; and 

D CFk-.m = 

= Annual intake of radionuclide due to beef ingestion, pCi y"; 

Dose conversion factor for ingestion of radionuclide, Sv Bq-'. 
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where: 

where: 

I,, = Annual intake of radionuclide due to milk ingestion, pCi y-'; 

c,,,cir, = Equilibrium concentration of radionuclide in milk due to inhalation, 
pCi L-'; 

C d  (r oil) 
= Equilibrium concentration of radionuclide in milk due to ingestion 

of soil, pCi Le'; 

.Cd(+.d = Equilibrium concentration of radionuclide in milk due to ingestion 
of pasture, pCi L"; 

U d  = Daily consumption of milk, L d-';  

Fraction of milk consumed that is contaminated, 
dimensionless; and 

- - I, 

Tt = Exposure duration, 365 d y". 

Dose,,, = Inin fu DCFhgd, 

Dose,, = Radiation dose due to milk ingestion, Sv y-'; 

I,, 

f" = Conversion factor, Bq pCi-'; and 

DCF,fS,*" = 

= Annual intake of radionuclide due to milk ingestion, pCi y-'; 

Dose conversion factor for ingestion of radionuclide, Sv Bq-' 
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Annual intake of radionuclide due to wheat ingestion, pCi y"; 

Equilibrium concentration of radionuclide in bulk soil, pCi kg"; 

- - 

= 

Concentration ratio for the transfer of radionuclide from dry soil to 
leafy vegetables (wet weight), dimensionless; 

- - 

Conversion factor for wheat (wet) to flour (dry), dimensionless; - - 

= Daily consumption of flour (dry), kg d-'; 

- - Fraction of wheat consumed that is contaminated, dimensionless; 
and 

= Exposure duration, 365 d y-' 

where: 

hem - - 

- - 

Radiation dose due to wheat ingestion, Sv y-'; 

Annual intake of radionuclide due to wheat ingestion, pCi y-'; I w h e a  

Conversion factor, Bq pCi-'; and - - 1" 

DCF&ion = Dose conversion factor for ingestion of radionuclide, Sv Bq-I. 

1 

I 
I 

i 
1 
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where: 

~&,u= 

A = 

M = 

F - - Enhancement factor, dimensionless; and 

I" = Conversion factor, kg mg-'. 

Average concentration of radionuclide in air due to resuspension, pCi m-3; 

Equilibrium concentration of radionuclide on surface soil, pCi kg";. 

Mass loading of particles in ambient air, mg m-j; 
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APPENDIX J 

EXPOSURE PARAMETERS 



APPENDIX J 

This appendix summarizes the exposure parameters which are a key input to the exposure 
pathways equations for calculating dose. There is uncertainty in each of these parameters that 
is reflected in the probability distributions that describe them. A discussion of how these 
uncertainties are addressed in estimating dose is provided in Appendix K. It should be noted 
that for many parameters, multiple scientific journal articles or reference documents were 
reviewed. In some cases, the probability distribution used in the assessment is taken directly 
from one of the reference materials. In other cases, the probability distribution reflects a 
synthesis of information from two or more sources. In any event, all of the references that were 
consulted are documented. 
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Parameter Unit 

Adult body weight, BW kg 

Comments 

Worker: 
12 hr124 

hr 

Adult inhalation rate, U(air) m3 d' 

Reference 

14, 27 

9. 14, 28 

Professional 
Judgement 

IndoorlOutdoor shielding factor dimensionless 
(Inhalation) I 

Lognormal 

Triangular 

68 1.2 

20 ' 9 - 29 

Adult milk ingestion rate, 
U(milk) 

IndoorlOutdoor shielding factor 
(Immersion) 

IndoorlOutdoor shielding factor 
(Ground exposure) 

L d' 

dimensionless 

dimensionless 

Triangular 

Triangular 

0.2 0.1 - 0.5 

0.3 0.2 - 0.6 
I 

Fraction of milk that is 
contaminated 

09 I4CDJ6 

dimensionless 

APPENDIX J 

EXPOSURE PARAMETERS 

Adult beef ingestion rate, 
U W e 9  

Fraction of beef that is  
contaminated 

Adult vegetable ingestion rate. 
U(vet3.) 

Fraction of vegetables that are 
homegrown 

-~ ~ 

Distribution I MeanlMode 1 SD 1 GM -7 GSD I RanRe 

kg d" 

dimensionless 

kg(wet) d-I 

dimensionless 

Triangular 

Lognormal 

Triangular 

I Uniform 

0.44 0.1 - 1.0 

0.15 1.5 

0.25 0.1 - 1.0 

I OS I Triangular 

Adult flour ingestion rate, 
U(wheat) 

Conversion from wheat(wet) to 
flour (dry) 

Fraction of wheat that is locally 
grown 

kg (dry) d" 

dimensionless 

dimensionless 

19 I 
I I9 

1 l9 

Only fresh 8.9.14.17.24.28 
fluid milk is 
considered + 

I 8.9,13,17,24.28 

I 28 

Vegetables 13,l4,15,17.28 ! I 1.28 

highly 
conservative 



point estimate 

Point Estimate 

Uniform 

2 .o 

1 

Triangular 0.1 

Triangular 

Triangular 

Triangular 

0.05 

60 

0.3 

APPENDIX .I 

EXPOSURE PARAMETERS 

Parameter Distribution I MeanlMode Unit 

L d-' 

GSD Range comments 

conservative 
estimate 

Adult water ingestion rate, 
U(water) 

22.28 

Fraction of water that is 
contaminated 

dimensionless conservative 
estimate I 

6.9.iO.28.30 Adult soil ingestion rate, U(s0il) kg d-' 1 x 106to 
5 x 10-5 

Fraction of ingested soil that is 
contaminated 

dimensionless 0.1-1.0 Prolessional 
Judgement 

4.21.23.26 

Uniform 

Lognormal 

Lognormal 

Total deposition velocity. Vd - 
Total 

m d' 1.7 Routine 
Releases 

260 

87 

87 

2.0 

3.2 57 Fire 21123.26 Dry deposition velocity. Vd - 
Dry 

m d-' 

m d-' I Lognormal I .7 69 Fire 21i23.26 Dry deposition velocity. Vd - 
Dry 

IF(pasture)lY(pasture) 1.6 IF = 0.5. 
Y = 0.28 

kg(dry) m.* 

3.15.!16.17.29 m* kg-' (dry) Lognormal 

I 
I 

9.16.29 Triangular Weathering rate constant for 
pasture, X, 

0.02 - 0.08 9 to 34 days 

Exposure period of pasture. T, d Triangular I 30 15 - 60 ~ 29 r IF(vegetables)lY(vegetables) m* kg-' (wet) 0.05 - 0.3 
~~ 

3.9.101 IS, 17.29 
I 

IF = 0.2. 
Y = 2  

kg(wet)/m* 

9 to 34 days d' 0.02 - 0.08 
I 

?.I6 
I 

'j.29 

Weathering rate constant for 
vegetables. X, 

Exposure period of vegetables, 
T, 

Fraction of contaminant 
remaining after washing, J. 

30 - 90 d' 

dimensionless 0.14.5 hofdssional 
Juddernent 

I 
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EXPOSURE PARAMETERS 

FI 

Fm 

B@asture) (dry pasture I dry 
soil) 

Parameter I Unit Distribution MeanlMade SD CM CSD 
I I I I I 

I 
d kg-I Logtriangular 1.0 x 106 1.0 x 1 0 7  to I .20.29 

d L' Logtriangular 1.0 x 1 0 '  1.0 x 1 0 '  to I ,20.29 

6.0 x IO6 
I 

1.0 x 106 I 
I dimensionless Logtriangular 4.5 x 10-4 4.5 x 1 0 5  to I a:20,29 

4.5 x 10' 

Soil ingestion rate of dairy kg d" Lognormal 0.36 I .6 
cattle. Qloilo 

Fraction of soil that is 
contaminated 

dimensionless Point Estimate I I I  
-~~ 

AMERICIUM-241 

F, d kg-' Logtriangular 3.5 x 106 

B@asture) (dry pasture I dry dimensionless Logtriangular 5.5 x 1 0 3  
soil) 

B(veg .) (wet produce I dry soil) dimensionless Logtriangular 2.5 x IO4 

BERYLLIUM ' 

5 

B@asture) (dry pasture I dry 
soil) 

B(veg.) (wet produce I dry soil) 

d kg-I Logtriangular 1.0 x 10-3 

d L' Logtriangular 9.0 x 10-7 

dimensionless Logtriangular 1.0 x 10-2 

dimensionless Logtriangular 

1 

i 

Range 1 Comments I R e f r  

Professional 
Judgement 

1.0 x 104 to 
1.0 x 10-2 

9.0 x IOd to 
9.0 x IO6 

I 
j29 

129 
1.0 1 0 3  to 

6.4 x 1 0 3  to 
6.4 x 1 0 5  

1.0 x IO' 

I 



APPENDIX J 

EXPOSURE PARAMETERS 

FOOTNOTES: 

NA = not available 

When the distribution is NORMAL, meanhode = MEAN. When the distribution is TRIANGULAR. meanlmode is MODE. 
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APPENDIX K 

DESCRIPTION OF MONTE CARLO SIMULATION 



APPENDIX K 

Introduction 

Many calculations have been performed in arriving at the dose estimates contained in this report. 
Appendix I alone specifies a large number of equations that were solved to produce estimates of 
exposure. These equations could all be solved using simple arithmetic if each of the inputs were 
discrete numbers. However, the majority of the inputs to these equations are not known exactly, 
or, in other words, they have some uncertainty associated with them. The evaluation of 
uncertainty is an important aspect of all the investigations and analyses that have been performed 
to support the calculation of contaminant dose to the public. Uncertainties have been identified 
and quantified in each step of the dose reconstruction process, including the development of 
release estimates, modeling the transport of contaminants, and estimating exposure and uptake. 
As a result, virtually all the calculations deal with estimates that are defined not in terms of a 
single, discrete number, but instead in terns of a defined probability distribution of values that 
we are confident includes the true but unknown value of a particular parameter. When using 
inputs or predictions that are described in terms of these probability distributions to perform 
calculations, there is more than one possible answer, and an equation must be solved many times 
using discrete input values that are sampled from the probability distributions defined for each 
of the inputs. The answer that this calculation process produces is itself a probability 
distribution. One method that is used to sample input probability distributions to select inputs 
used to solve the calculations repeatedly is known as Monte Carlo simulation. This method of 
calculation permits the propagation of the errors identified throughout the analytic process so that 
they are accurately reflected in our endpoint, or dose estimate. The dose estimate itself is 
defined in terms of a probability distribution. 

This appendix describes Monte Carlo techniques using simple random sampling, as well as a 
related sampling protocol known as Latin Hypercube sampling that has been used extensively in 
the calculation of doses on this project. 

Monte Carlo Techniques 

Sampling from input probability distributions functions is used to generate possible values that 
are then used to solve a given equation. This sampling is the basis for hundreds or thousands 
of "what-if" scenarios performed to repeatedly solve an equation. With enough iterations, the 
sampled values for a probability distribution will become distributed in a manner that 
approximates the defined input probability distribution. Statisticians have developed several 
techniques for drawing random samples. An important factor in evaluating sampling techniques 
is the number of iterations required to accurately recreate an input distribution through sampling. 
If one sampling method requires more iterations than another to approximate input distributions, 
it is the less "efficient" method. 
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In discussing different sampling methods, it is important to understand the concept of a 
cumulative distribution. Any probability distribution may be expressed in cumulative form. A 
cumulative curve is typically scaled from 0 to 1 on the Y-axis, with Y-axis values representing 
the cumulative probability up to the corresponding X-axis value (Figure K-1). In a cumulative 
curve, at the 0.5 (or 50%) cumulative value point on the curve, fifty percent of the values in the 
distribution fall below this median value and fifty percent are above. The 0 cumulative value 
is the minimum value (0% of the values will fall below this point) and the 1.0 cumulative value 
is the maximum value (100% of the values will fall below this point). 

Monte Carlo sampling refers to the traditional technique for using random or pseudo-random 
numbers to sample from a probability distribution. The 0 to 1.0 scale of the cumulative curve 
is the range of the possible random numbers generated during sampling. In a typical Monte 
Carlo sampling sequence, the computer will generate a random number between 0 and 1 with 
any number in the range equally likely to occur. This number is then used to select a value from 
the cumulative curve. As the shape of the cumulative curve is based on the shape of the input 
probability distribution, more likely outcomes will be more likely to be sampled. The more 
likely outcomes are in the range where the cumulative curve is the "steepest" (Figure K-1). 

The term "Monte Carlo" was introduced during World War II as a code name for simulation 
of problems associated with the development of the atomic bomb. Monte Carlo sampling 
techniques are entirely random, that is, any given sample may fall anywhere within the range 
of the input distribution. However, samples are more likely to be drawn in areas of the 
distribution which have higher probabilities of occurrence. In the adjacent illustration of a 
cumulative distribution, each Monte Carlo sample will use a new random number between 0 and 
1. With enough iterations, Monte Carlo sampling will "recreate" the input distributions through 
sampling. A problem of clustering can arise when a small number of iterations are performed. 
In the illustration, each of the 3 samples drawn falls in the middle of the distribution. The values 
of the outer ranges of the distribution are not represented in the samples and thus their impact 
on the results is not included in the result. 

Clustering becomes especially pronounced when a distribution includes low probability outcomes 
that could have a major impact on the results. To include these low probability outcomes, they 
must be sampled. However, if the probabilities are low enough for some of the outcomes, a 
small number of Monte Carlo iterations may not sample sufficient quantities of these outcomes 
to accurately represent their probability. This problem has led to the development of stratified 
sampling techniques such as the Latin Hypercube sampling which has been used in our 
calculational approach. 
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FIGURE K-1 
RELATIONSHIP BETWEEN A CUMULATIVE CURVE 

AND MONTE CARLO SAMPLING TECHNIQUE 
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Latin Hypercube Sampling 

Latin Hypercube sampling is a recent development in sampling technology designed to accurately 
recreate the input distribution through sampling in fewer iterations when compared with the 
simple random sampling method. The approach to Latin Hypercube sampling involves the 
stratification of the input probability distributions. Stratification divides the cumulative curve into 
equal intervals on the cumulative probability scale. A sample is then randomly taken from each 
interval or stratification of the input distribution. Sampling is forced to represent values in each 
interval, and thus, is forced to recreate the input probability distribution. 

We have chosen to use the Latin Hypercube sampling approach in our calculations because it 
leads to greater sampling efficiency, and as a result, reduces the calculational run times required 
for the thousands of calculations that we have performed in estimating off-site doses. 
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APPENDIX L 

CHEMICAL AND RADIATION DOSES ASSOCIATED 
WITH HISTORICAL CONTAMINANT RELEASES 

FROM THE ROCKY FLATS PLANT 



APPENDIX L 

This appendix includes documentation of the chemical and radiation doses associated with 
historical contaminant releases from the Rocky Flats Plant as determined in this assessment. 
Pathway-specific and total doses are provided on a yearly basis for contaminants that were 
routinely released from the plant. Dose estimates associated with the 1957 fire, the 1969 fire, 
and the 903 Pad are provided in two parts. First, pathway-specific and total doses are provided 
for the event itself (Le., the 13.5-how fire in 1957, the 17.5-hour fire in 1969, and the 5-year 
period of direct release from the 903 Pad). Second, pathway-specific and total doses from 
contamination deposited by these events are provided on a yearly basis for the period following 
the event. Every dose reported in this appendix is represented by a range of estimates that can 
be characterized by the geometric mean (GM) and the geometric standard deviation (GSD). For 
the purpose of this analysis, the best estimate of dose is represented by the GM. The uncertainty 
in the best estiniate is dependent on the GSD, and can be represented by a lower and upper 
bound. These bounds describe our level of confidence that the true but unknown value is within 
the described range. The 95% confidence interval about the best estimate (i .e. ,  we are 95% 
confident that the true but unknown value falls within this interval) is equal to the best estimate 
multiplied by the square of the GSD, Le., GM X GSD2 (upper bound), and the best estimate 
divided by the square of the GSD, Le., GM + GSD2 (lower bound). 

Dose estimates calculated for each pathway and the sum of these doses (total dose) for a single 
exposure location (i.e., sector or remote location) are presented in two-page tables for each of 
the routinely released radionuclides and beryllium. The title of the table identifies the 
contaminant and exposure location for which the doses have been calculated. Since there are 12 
sectors and 3 remote locations (15 exposure points) and a two-page table per exposure point, 30 
pages of tables are required to present the results for each routinely released radionuclide and 
beryllium. The dose estimates for the other routinely released chemicals and for the accidental 
releases are organized in a similar manner. The title of each table identifies the contaminant, 
and the corresponding exposure location is either identified in the title or in the left-hand column. 

It is important to note that for some materials, i.e., tritium and volatile solvents released 
routinely, and plutonium-239/240 remaining in the environment after an accidental release, some 
or all of the dose estimates are associated with a period of years rather than a single year. In 
these cases, the dose estimate is considered to be the same for each year in the period and 
represents an annual value; the value presented &g.s nat represent a total dose estimate for the 
period. 
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PATHWAY-SPECIFIC DOSES ASSOCIATED 

OF AMERICIIL'M-241 
WITH ROUTINE AIRBORNE RELEASE 



Pathwsy-Spedfic Dosea A8ooclat.d wlth Routfne Alrborne Release of Ameddum-241 
sector 1 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1967 
1988 
1989 

Inhalation 
GM (Svlyear) GSD 

6.4E-12 
2.7E-10 
3.OE-10 
9.7E-10 
6.8E-08 
1.3E-08 
5.6E-09 
5.6E-09 
6.4E-09 
1 .2E-08 
1.5E-08 
1 .2E-08 
2.8E-08 
1.3509 
1.7E-09 
1.9E-09 
6.1 E-09 
1.6E-09 
3.1E-10 
2.5E-10 
2.4510 
4.8E-09 
5.4E-10 
2.1E-11 
2.1511 
1.561 1 
2.9E-11 
5.7E-11 
4.1E-11 
1 .OE-10  
4.2E-10 
4.OE- 10 
4.7E-11 
2.3E- 10 
7.8E-11 
4.7E-11 
2.651 1 

2.1 
2.4 
2.2 
2.4 
2.1 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.1 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 

8.7E-16 
2.9E-14 
6.5E-14 
1.7E-13 
6.9E-12 
8.9E-12 

9.8E-12 
1.1E-11 
1 . X - 1 1  
1.551 1 
1 .5E-11  
2.OE-11 
2.5E-11 
2.4E-11 
2.251 1 
2.7E-11 
2.6E-11 
2.7E-11 
2.7E-11 
3.051 1 
2.8E-11 
3.1E-11 
2.7E-11 
2.8E-11 
3.OE-11 
3.5E-11 
2.9E-11 
3.1E-11 
2.9E-11 
3.1511 
3.1E-11 
3.1E-11 
3.2E-11 
3.1E-11 
3.4E-11 
3.4E-11 

9.4E-12 

Soil Ingestion 
GM (Svlyearl GSD 

4.0 
4.0 
3.8 
3.4 
3.8 
3.6 
3.7 
3.7 
3.5 
3.6 
3.3 
3.7 
3.3 
3.4 
3.5 
3.7 
3.4 
3.6 
3.3 
3.5 
3.3 
3.5 
3.4 
3.4 
3.4 
3.5 
3.2 
3.2 
3.4 
3.5 
3.4 
3.5 
3.4 
3.3 
3.6 
3.4 
3.4 

Vegetable Ingestion 
GM (Svlyear) GSD 

1.2E-13 
4.OE-12 
4.1 E-1 2 
1.4E-11 
8.5E-10 
1.8E-10 
8.3E-11 
7.5E-11 
9.1E-11 
1.9E-10 
2.1 E - 1 0  
1.7E-10 
4.1E-10 
2.OE-11 
2.751 1 
3.1E-11 
8.6E-11 
2.6E-11 
7.3E-12 
6.6E-12 
6.5E-12 
6.9E-11 
1.2E-11 
2.9E-12 
2.6E-12 
2.5E-12 
3.1 E-1 2 
3.6E-12 
3.2E-12 
4.5E-12 
1 .OE-l1 
9.9E-12 
3.7E-12 
7.5E-12 
4.2E-12 
3.6E-12 
3.6E-12 

3.3 
3.9 
3.2 
3.5 
3.2 
3.2 
3.1 
3.3 
3.6 
3.3 
3.3 
3.3 
3.2 
3.1 
2.9 
3.0 
3.2 
3.2 
2.8 
2.7 
2.7 
3.1 
2.9 
3.1 
3.2 
3.3 
3.0 
2.8 
2.9 
2.9 
2.9 
2.8 
2.9 
2.7 

2.8 
3.0 

2.8 

NOTES: 
1) E-01 is the same e8 the velue divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

Ground Exposure 
GM (Svlyear) GSD 

6.5E-16 
2.1E-14 
4.6E-14 
1.3E-13 
4.9E-12 
5.7E-12 
7.5E-12 
8.3E-12 
8.2E-12 
1 . O E - l l  
1.251 1 
1.2E-1 1 
1.6E-11 
1.7E-11 
1.7E-11 
1 BE-1 1 
1 BE-1  1 
1.6E-11 
1.M-11 
2.OE-11 
1.951 1 
2.1511 
2.1E-11 
2.OE-11 
2.1E-11 
2.3E-11 
2.1E-11 
2.1E-11 
2.3E-11 
2.2E-11 
2.3E-11 
2.4E-11 
2.3E-11 
2.5E-11 
2.4E-11 
2.3E-11 
2.3E-11 

2.6 
2.8 
2.4 
2.3 
2.5 
2.4 
2.4 
2.3 
2.3 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.3 
2.1 
2.1 
2.1 
2.0 
2.2 
2.1 
2.1 
2.1 
2.2 
2.2 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.2 

Immersion 
GM (Svlyear) GSD 

1.451 9 
4.5E-18 
4.9E-18 
1.M-17 
1 . 1  E-1 5 
2.1 E-1 6 
9.3E-17 
9.3E-17 
1 . lE-16 
2.OE-16 
2.5E-16 
2.OE-16 
4.8E-16 
2.1617 
2.8E-17 
3.2E-17 
1 .OE-16 
2.6E-17 
6.3E-16 
4.1 E-1 6 
4.OE-18 
8.OE-17 
8.9E-18 
3.5E-19 
3.3E-19 
2.4E-19 
4.9E-19 
9.5E-19 
6.8E-19 
1.6E-18 
6.8E-18 
6.6E-18 
6.1E-19 
3.8E-18 
1.3E-18 
7.9E-19 
4.3E-19 

2.1 
2.5 
2.2 
2.3 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
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ma 1 
(1953 - 19891 - 

Year - 
1953 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Wheat Ingestion 
GM (Svlyear) GSD 

4.6E-17 
1.7E-15 
3.5E-15 
8.7E-16 
3.6E-13 
4.4E-13 
4.9E-13 
6.2E-13 
6.4E-13 
7.8513 
8.5E-13 
9.2E-13 
1.251 2 
1.3E-12 
1.2E-12 
1.351 2 
1.4E-12 
1.451 2 
1.3E-12 
1.451 2 
1.4E-12 
1.5E-12 
1.4E-12 
1.6E-12 
1.5E-12 
1.M-12 
1.W-12 
1.6E-12 
1.5E-12 
1.6E-12' 
1.4E-12 
1.7E-12 
1.7E-12 
1.8E-12 
1.7E-12 
l.6E-12 
1.8E-12 

3.9 
4.1 
3.9 
3.8 
3.5 
3.8 
3.8 
3.5 
3.5 
3.6 
3.4 
3.9 
3.6 
3.6 
3.5 
3.7 
3.5 
3.5 
3.6 

3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.6 
3.4 
3.3 
3.5 
3.6 
3.2 
3.5 
3.7 
3.4 
3.7 
3.5 

.3.3 

Milk Ingestion 
GM ISvlyear) GSD 

3.OE-17 
1.1 E-15 
1.3515 
4.2E-15 
2.7E-13 
7.5E-14 
4.7E-14 
4.4E-14 
5.6514 
8.OE-14 
9.6E114 
6.2E-14 
1.5E-13 
4.5E-14 
5.5E-14 
5.8E-14 
8.1E-14 
5.6E-14 
5.6E-14 
4.7E-14 
6.2E-14 
7.7E-14 
6.6E-14 
4.7514 
6.6E- 14 
4.7E-14 
5.7E-14 
4.9E- 14 
4.9E-14 
5.6E-14 
6.7E-14 
5.8E-14 
5.3E-14 
5.8E- 14 
6.5E- 14 
6.6E-14 
5.6E- 14 

4.5 
5.2 
4.6 
5.0 
4.8 
4.3 
4.1 
4.2 
4.1 
4.5 
4.1 
4.1 
4.3 
3.8 
4.2 
4.5 
3.9 
4.2 
4.3 
4.1 
4.1 
4.0 
4.2 
4.4 
4.5 
4.1 
4.2 
4.4 
4.3 
4.5 
4.1 . 
4.3 
4.3 
4.5 
4.3 
4.5 
4.2 

Beef Ingestion 
GM ISv/vear) GSD 

2.2E-16 
9.3E-15 
9.5E- 15 
3.2E-14 
2.OE-12 
5.1 E-1 3 
3.2E-13 
3.4E-13 
3.8E-13 
5.5E-13 
6.9E-13 
6.3E-13 
1.3E-12 
3.8E-13 
4.OE-13 
3.9E-13 
5.5E-13 
3.7513 
3.5E-13 
3.3E-13 
3.7E-13 
5.3E-13 
3.8E-13 
3.5E-13 
3.4E-13 
3.9E-13 
3.9E-13 
3.7E-13 
3.5E-13 
3.9E-13 
4.2E-13 
4.OE-13 
3.8E-13 
4.OE-13 
4.2E-13 
3.6E-13 
4.1 E-1 3 

4.8 
4.4 
4.1 
4.4 
4.2 
4.3 
3.9 
4.2 
3.9 
4.0 
3.8 
3.8 
4.0 
3.9 
4.3 
3.8 
3.8 
3.7 
3.8 
3.9 
4.0 
3.7 
4.1 
4.1 
4.3 
3.9 
4.1 
4.0 
4.1 
4.0 
4.1 
4.1 
4.2 
4.0 
3.8 
4.5 
3.8 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the sama as the value divided by 1W; etc. 
2) GM = Geometric Maan 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Inhalation of 
Resuspended Particulates 
GM ISvlvearl GSD 

2.1E-15 
7.4E-14 
1.7E-13 
4.2E-13 
1.6E-11 
2.1E-11 
2.3E-11 
2.6E-11 
2.8E-11 
3.2E-11 
3.7E-11 
4.1E-11 
5.2E-11 
5.9E-11 
6.2E-11 
6.1E-11 
6.OE-11 
6.4E-11 
7.2E-11 
6.6E-11 
6.3E-11 
6.7E-11 
8.9E-11 
6.7E-11 
7.4E-11 
7.6E-11 
7.8E-11 
7:3E-11 
7.5E-11 
7.351 1 
7.9E-11 
7.5E-11 

8.4E-11 
8.4E-11 
8.2E-11 
7.8E-11 

7.6E-11 

2.9 
3.2 
3.1 
2.8 
3.0 
3.0 
3.0 
2.9 
2.8 
3.1 
2.7 
2.8 
2.9 
2.7 
2.8 
2.7 
2.7 
2.7 
2.6 
2.7 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 

Immersion in 
Resuspended Particulates 
GM ISvlyaar) GSD 

3.4E-23 
1 .2E-2 1 
2.7E-21 
7.OE-21 
2.7519 
3.4E-19 
3.8E-19 
4.3519 
4 . 8 ~ -  19 
5.3E-19 
6.1E-19 
6.7E-19 
8.7E-19 
9.6E-19 
1.OE-18 
1.OE.18 
1.OE-18 
1.1E-18 
1:2E-18 
1.1E-18 
1.OE-16 
1.1E-18 
1.1E-18 
1.1516 
1.2E-18 
1.2E-18 
1.3E-18 
1.2E-18 
1.3E-18 
1.2E-18 
1.3E-18 
1.2E-18 
1.3E-18 
1.4E-18 
1.4E-18 
1.4E-18 
1.3E-18 

2.9 
3.3 
3. i 
2.9 
3.0 
3.0 
3.0 
2.9 
2.6 
3.1 
2.7 
2.8 
2.9 
2.7 
2.8 
2.8 
2.7 
2.7 
2.6 
2.7 
2.6 
2.6 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.8 
2.8 
2.7 
2.6 
2.6 
2.8 
2.7 
2.6 

Total Dose 
GM ISvlyear) GSD 

8.6E-12 
2.6E-10 
3.1 E-10 
1 .OE-09 
6.9E-06 
1.3E-08 
5.8E-09 
5.8E-09 
6.6E-09 
1.2E-08 
1 .8E-08 
1.2E-08 
2.9E-08 
1.5E-09 
1.9E-09 
2.2E-09 
6.4E-09 
1.9E-09 
5.2E-10 
4.4E-10 
4.451 0 
5.1E-09 
7.8E-10 
1.8E-10 
1.9E-10 
1.9510 
2.2E-10 
2.4E-10 
2.3E- 10 
3.OE- 10 

'6.W 10 
6.4E-10 
2.4E-10 
4.7E- 10 
2.9E- 10 
2.5E-10 
2.2E-10 

2.1 
2.4 
2.2 
2.4 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
1.9 
2.1 
2.2 
2.1 
1 .8 
1 .8 
1.6 
2.2 
1.9 
1.9 
1.9 
2.0 
1.9 
1.8 
1.8 
1.6 
2.0 
1.9 
1.8 
1 .8 
1.8 
1.8 
1.8 



Year 

1953 
1954 
1965 
1956 
1957 
1968 
1959 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl . GSD 

3.4E-12 
1.2E-10 
1.3E-10 
4.1 E - 1 0  
2.5E-08 
5.4E-09 
2.5E-09 
2.4E-09 
2.7E-09 
5.4E-09 
6.3E-09 
5.2E-09 
1 .2E-08 
6.OE-10 
7.4E-10 
9.0s 10 
2.5E-09 
6.7E- 10 
1.2E-10 
l.lE-10 
1 .OE-10 
2.OE-09 
2.3E-10 
8.4E-12 
9.OE-12 
6.6E-12 
1.251 1 
2.7E-11 
1 .8E-1 1 
4.7E-11 
1.6E-10 c 

1.7E-10 
2.OE-11 
9.OE-11 
3.2E-11 
2.OE-11 
1 . 1 E - 1 1  

2.2 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.4 
2.3 
2.2 
'2.2 
2.1 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.1 
2.3 
2.2 
2.4 
2.2 
2.3 
2.4 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.1 
2.3 
2.2 
2.2 

Soil ingestion 
GM (Svlyear) GSD 

3.7E-16 
1.3E-14 
2.6E-14 
7.OE-14 
2.8E-12 
3.8E-12 
4.2E-12 
4.7E-12 
5.4E-12 
5.9E-12 
6.3E-12 
7.9E-12 
9.2E-12 
1 . O E - 1 1  
9.5E-12 
1.lE-11 
1.lE-11 
1.lE-11 
1.2E-11 
1.3E-11 
1.lE-11 
1.3E-11 
1.3E-11 
1.351 1 
1.3E-11 
1.4E-11 
1.3E-11 
1.2E-11 
1.3E-11 
1.451 1 
1.4E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.5E-11 
1.4E-11 

3.6 

3.7 
3.5 
4.1 
3.2 
3.8 
3.7 
3.7 
3.4 
3.6 
3.4 
3.8 
3.7 
3.3 
3.5 
3.5 
3.6 
3.4 
3.4 
3.6 
3.2 
3.1 
3.5 
3.5 
3.2 
3.4 
3.5 
3.4 
3.6 
3.4 
3.6 
3.3 
3.3 
3.4 
3.3 
3.4 

9.0 

Vegetable Ingestion 
GM (Svlyearl GSD 

4.7E-14 
1.7E-12 
1.9E-12 
5.4E-12 
3.8E-10 
7.7E-11 
3.6E-11 
3.4E-11 
4.OE-11 
7.7E-11 
8.5E-11 
6.9E-11 
1.7E-10 
1 .OE-1 1 
1.3E-11 
1.4E-11 
3.6E-11 
1.lE-11 
3.4512 
2.9E-12 
2.7512 
3.OE-11 
4.9E-12 
1.2E-12 
1.3E-12 
1.2E-12 
l.lE-12 
1.7E-12 
1.4E-12 
2.OE-12 
4.OE-12 
4.2E-12 
1.5E-12 
3.OE-12 
1.6E-12 
1.6E-12 
1.4E-12 

3.4 
3.1 
3.2 
3.4 
3.2 
3.3 
3.2 
3.2 
3.4 
3.3 
3.3 
3.1 
3.3 
3.1 
2.9 
3.3 
3.1 
3.0 
2.7 
2.7 
2.9 
3.2 
3.0 
2.9 
3.0 
3.1 
3.0 
3.0 
3.1 
2.8 
2.9 
2.9 
2.6 
2.6 
2.9 
3.0 
3.1 

NOTES: 
1 )  E-01  is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Stenderd Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Ground Exposure 
GM (Svlyear) GSD 

2.6E-16 
9.8E-15 
2.1 E-1 4 
5.4E-14 
1.9E-12 
2.8E-12 
2.9E-12 
3.3E-12 
3.7E-12 
4.2E-12 
5.OE-12 
5.3E-12 
6.9E-12 
7.OE-12 
6.7E-12 
7.1E-12 
7.7E-12 
8.1E-12 
8.1E-12 
8.76-12 
6.2E-12 
9.OE- 12 
8.8E-12 
9.3E-12 
9.5E-12 
9.6E-12 
9.1E-12 * 
9.1E-12 
9.9E-12 
9.7E-12 
9.9E-12 
9.5E-12 
1 .OE-11  
9.7E-12 
9.7E-12 
1.OE-11 
1 . O E - 1 1  

2.7 
2.6 
2.3 
2.4 
2.5 
2.4 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.1 
2.1 
2.1 
2.2 
2.1 
2.1 
2.2 
2.2 
2.1 
2.1 
2.2 
2.1 
2.3 
2.1 
2.1 
2.0 
2.0 
2.2 
2.1 
2.1 
2.2 

Immersion 
GM (Svlyearl GSD 

5.8E-20 
2.1E-18 
2.1 E-18 
6.7E-18 
4.3E-16 
9.1E-17 
4.1E-17 
3.9E-17 
4.8E-17 
9.1E-17 
1.1E-16 
9.OE-17 
2.1E-16 
1.OE-17 
1.2E-17 
1.5E-17 
4.2517 
l.lE-17 
2.1 E-1 8 
1.8E-18 
1.7E-16 
3.4E-17 
3.9E-18 
1.4E-19 
1.6E-19 
1 . 1  E-1 9 
2.OE-19 
4.4E-19 
3.OE-19 
7.9E-19 
2.M-18 
2.8E-18 
3.3E-19 
1.N-18 
5.3E-19 
3.4E-19 
1 .8E-19 

2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.1 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.4 
2.2 
2.3 
2.4 
2.3 
2.3 
2.4 
2.2 
2.2 
2.3 
2.3 
2.1 
2.2 
2.3 
2.3 
2.2 



Pathway-Spedfk Dosea A ~ o d a e d  with Routtne Alrbome Release of Amerfdum-241 (continued) 
Sector 2 
11953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1962 
1983 
1984 
1985 
1986 
1987 
1988 
1969 

Wheat Ingestion 
GM (Svlyear) GSD 

1.9E-17 
7.1 E-16 
1.5E-15 
4.3E-15 
1.6E-13 
2.1E-13 
2.1 E-1 3 
2.5E-13 
2.M-13 
3.0513 
3.6513 
4.1E-13 
4.851 3 
4.9E-13 
5.6E-13 
5.6E-13 
5.7E-13 
6.5E-13 
5.9E-13 
6.1 E-13 
6.3E-13 
6.2E-13 
6.3513 
7.OE-13 
6.9E-13 
6.8E-13 
6.OE-13 
6.M-13 
6.4E-13 
6.9E-13 
7.3E-13 
8.1E-13 
6.7E-13 
7.2E-13 
7.1 E-1 3 
7.6E-13 
7.9E-13 

3.7 
3.6 
3.8 
3.9 
3.9 
3.6 
3.9 
3.5 
3.6 
3.7 
3.5 
3.5 
3.7 
3.4 
3.6 
3.8 
3.5 
3.7 
3.5 
3.8 
3.4 
3.4 
3.5 
3.4 
3.6 
3.3 
3.4 
3.6 
3.5 
3.5 
3.6 
3.4 
3.3 
3.6 
3.4 
3.6 
3.5 

Milk Ingestion 
GM ISvlyeer) GSD 

1.551 7 
4.3E-16 
5.2E-16 
1.N-15 
8.9E-14 
3.1E-14 
2.1 E-1 4 
2.1E-14 
2.4E-14 
3.9E-14 ' 
4.OE- 14 
3.8E-14 
7.OE-14 
2.1E-14, 
2.2E-14 
2.2E-14 
3.1 E-1 4 
2.6E-14 
2.3E-14 
2.1 E-14 
2.3514 
3.7E-14 
2.6E-14 
2.4E-14 
2.2E-14 
2.2E-14 
2.3514 
2.2514 
2.5E-14 
2.4E-14 
2.7E-14 
2.8E-14 
2.8E-14 
2.6E-14 
2.M-14 
2.7E-14 
2.45 14 

4.5 
4.6 
4.8 
4.9 
4.7 
4.4 
4.6 
4.1 
4.1 
3.8 
4.5 
4.1 
4.2 
4.1 
4.0 
4.2 
4.2 
4.4 
4.1 
4.1 
4.6 
4.5 
4.2 
4.4 
4.2 
4.7 
4.0 
4.4 
4.4 
4.6 
4.4 
4.0 
4.4 
4.4 
4.3 
4.4 
3.9 

Beef Ingestion 
GM (Svlyear) GSD 

9.5E-17 
3.4E-15 
4.2E-15 
1.2E-14 
7.1 E-1 3 
2.2E-13 
1.4E-13 
1.6E-13 
1.M-13 
2.9E-13 
3.OE-13 
2.6E-13 
5.OE-13 
1.551 3 
1.6E-13 
1 .BE-13 
2.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.5E-13 
2.7E-13 
1.6E-13 
1.7E-13 
1.7513 
1.5E-13 
1.651 3 
1.7E-13 
1.8E-13 
1.6E-13 
1.7E-13 
1.9E-13 
1.8E-13 
1.7E-13 
1 .8E-1 3 
1.X-13 
1.6E-13 

4.3 
4.1 
4.3 
4.4 
4.1 
4.2 
3.6 
3.9' 
3.8 
3.6 
3.9 
3.8 
4.1 
3.8 
3.8 
3.9 
3.6 
4.0 
4.0 
4.1 
4.2 
4.0 
4.0 
3.9 
4.2 
3.9 
3.8 
3.9 
4.0 
4.1 
3.8 
3.6 
3.7 
4.0 
3.8 
3.9 
4.1 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

8.6E-16 
3.2E-14 
6.6E-14 
1.8E-13 
6.9E-12 
8.4E-12 
1 .OE-1 1 
1.1E-11 
1.3E-11 
1.4E-11 
1:6E-11 
1 .BE-1 1 
2.3E-11 
2.5E-11 
2.4E-11 
2.4E-1 1 
2.7E-11 
2.7E-11 
2.8E-11 
3.1E-11 
2.8E-11 
3.3E-11 
3.251 1 
3.1E-11 
3.1E-11 
3.2E-11 
3.2E-11 
3.1E-11 
3.3E-11 
3.4E-11 
3.5E-11 
3.4E-11 
3 x 1  1 
3.6E-11 
3.4E-11 
3.4E-11 
3.4E-11 

3.3 
3.2 
3.0 
2.8 
3.0 
3.0 
2.8 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
2.7 
2.7 
2.8 
2.7 
2.7 
2.6 
2.6 
2.7 
2.6 
2.7 
2.7 
2.8 
2.7 
2.7 
2.7 
2.8 
2.7 
2.7 
2.7 
2.6 
2.7 
2.7 
2.8 
2.6 

Immersion in 
Resuspended Particulates 
GM (Svlvearl GSD 

1.5E-23 
5.4E-22 
1.lE-21 
2.9E-21 
1.2E-19 
1.4E-19 
1.7E-19 
1.8E-19 
2.2E-19 
2.4E-19 
2.7519 
3.1 E-19 
3.9E-19 
4.1 E-1 9 
4.OE-19 
4.OE-19 
4.6E-19 
4.4E- 19 
4.8E-19 
5.2E-19 
4.6E-19 
6.6E-19 
6.5E-19 
6.2E-19 
5.2E-19 
5.2E-19 
5.2E-19 
6.1E-19 
5.4E-19 
5.8E-19 
5.6E-19 
5.7E-19 
5.5E-19 
6.3E-19 
5.5E-19 
5.8E-19 
5.6E-19 

3.2 
3.1 
3.0 
2.8 
3.0 
3.0 
2.9 
2.9 
2.8 
2.8 
2.9 
2.8 
3.0 
2.7 
2.6 
2.9 
2.7 
2.8 
2.8 
2.7 
2.8 
2.7 
2.8 
2.7 
2.9 
2.8 
2.6 
2.8 
2.8 
2.8 
2.6 
2.7 
2.7 
2.8 
2.7 
2.8 
2.6 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Total Dose 
GM ISv/year) GSD 

3.5E-12 
1.3E-10 
1.3E-10 
4.2E-10 
2.M-08 
5.5E-09 
2.M-09 
2.5E-09 
2.9E-09 
5.M-09 
6.5E-09 
5.4E-09 
1.2E-08 
7.0510 
8.4E-10 
1 .OE-09 
2.7E-09 
7.7E-10 
2.1 E-10 
2.OE-10 
1.9E-10 
2.2E-09 
3.3E-10 
8.3E-11 
8.6E-11 
8.2E-11 
8.9E-11 
l.lE-10 
1 .OE-10 
1.4E-10 
2.7E-10 
2.6E-10 
1.OE-10 
1.9E-10 
1.2E-10 
1.OE-10 
9.4E-11 

2.2 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.1 
2.2 
2.1 
2.3 
2.1 
2.1 
2.1 
2.2 
2.0 
1.8 
1.8 
1.8 
2.3 
1.9 
1.9 
2.0 
1.9 
1.6 
1.8 
1.9 
1.6 
1.9 
1.9 
1.8 
1.8 
1.8 
1.9 
1 .8 



AM-XXLS 

Sector 3 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982' 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Sv/yearl GSD 

3.2E-12 
l.lE-10 
1.2E-10 
3.5E-10 
2.6E-06 
5.OE-09 
2.2E-09 
2.1 E-09 
2.5E-09 
4.6509 
5.6E-09 
4.W-09 
l.lE-08 
5.1 E-1 0 
6.3E-10 
7.M-10 
2.2E-09 
5.8E-10 
1.2E-10 
8.9E-11 
1.OE-10 
1 .8E-09 
1.9E-10 
7.M-12 
7.651 2 
5.9E-12 
1.OE-11 
2.3E-11 
1.7E-11 
3.8E-11 
1.6E-10 
1.M-10 
1.8E-11 
8.2E-11 
2.9E-11 
1 .BE-1 1 
9.4E-12 

2.2 
2.3 
2.2 
2.3 
2.3 
2.2 

2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 

2.2 

Soil Ingestion 
GM ISvlyearI GSD 

3.3E-16 
1.1 E-14 
2.6E-14 
7.OE-14 
2.6E-12 
3.3E-12 
4.1E-12 
4.OE-12 
4.4E-12 
5.2E-12 
9.2512 
7.2E~12 
8.9E-12 
9.7E-12 
8.6E-12 
1 .OE-1 1 
1 .OE-1 1 
1.lE-11 
1 .OE-1 1 
9.9E-12 
1 .OE-1 1 
1.2E-11 
1.1611 
1.lE-11 
1.2E-11 
1 .ZE-l 1 
1.2E-11 
1.3E-11 
1.3E-11 
1.2E-11 
1.3E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.351 1 

3.7 
3.9 
3.9 
3.8 
3.5 
3.6 
3.8 
3.7 
3.6 
3.7 
3.5 
3.5 
3.3 
3.6 
3.4 
3.5 
3.3 
3.3 
3.2 
3.4 
3.7 
3.4 
3.4 
3.3 
3.4 
3.4 
3.6 
3.4 
3.3 
3.5 
3.5 
3.3 
3.4 
3.5 
3.2 
3.3 
3.3 

Vegetable Ingestion 
GM ISvlyear) GSD 

4.7E-14 
1.6E-12 
1.6E-12 
4.7E-12 
3.3E-10 
6.6E-1 1 
2.951 1 
3.1E-11 
3.3E-11 
6.7E-11 
8.OE-11 
6.OE-11 
1.5E-10 
8.9E-12 
1.1E-11 
1.2E-11 
3.3E-11 
9.6512 
2.S-12 
2.M-12 
2.8E-12 
2.7E-11 
4.1E-12 
1 .OE-12 
1.1 E-12 
9.851 3 
1.2E-12 
1.4E-12 
1.3E-12 
1.M-12 
3.7E-12 
3.7E-12 
1.3E-12 
2.5E-12 
1.7E-12 
1.4E-12 
1.2E-12 

3.0 
3.5 
3.2 
3.4 
3.2 
3.1 
3.1 
3.2 
3.3 
3.3 
3.4 
3.1 
3.3 
3.0 
3.0 
3.0 
3.3 
2.9 
2.9 
2.7 
2.7 
3.1 
2.8 
3.1 
3.1 
3.1 
2.9 
3.0 
3.2 
2.8 
2.8 
2.8 
3.0 
2.8 
2.9 
2.9 
3.0 

NOTES: 
1) E-01 is the s8me 08 the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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i 

Ground Exposure 
GM (Sv/year) GSD 

2.2E-16 
8.9E-15 
1.9E-14 
4.5E-14 
1.9E-12 
2.3E-12 
2.8E-12 
2.9E-12 
3.3E-12 
3.6E-12 
4.5E-12 
4.9E-12 
6.2E-12 
6.2E-12 
6.3E-12 
6.8E-12 
7.2E-12 
7.2E-12 
7.7E-12 
7.OE-12 
7.2E-12 
8.3E-12 
7.8E-12 
8.3E-12 
7.951 2 
8.2E-12 
8.3E-12 
8.4E-12 
8.7E-12 
9.2E-12 
9.OE-12 
9.2E-12 
9.1 E-1 2 
9.2E-12 
9.2E-12 
9.2E-12 
9.3E-12 

2.7 
2.7 
2.4 
2.4 
2.6 
2.4 
2.4 
2.3 
2.4 
2.2 
2.1 
2.2 
2.2 
2.1 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.2 
2.0 
2.1 
2.1 
2.1 
2.2 
2.1 
2.2 
2.1 
2.0 
2.1 
2.1 
2.2 
2.1 

Immersion 
GM ISvlyear) GSD 

5.2E-20 
1.8E-18 
2.OE-18 
6.1 E-18 
4.OE-16 
8.3E-17 
3.5E-17 
3.4E-17 
4.1 E-1 7 
7.7E-17 
9.1E-17 
7.8E-17 
1.8E-16 
8.8E-18 
1.1E-17 
1.3E-17 
3.M-17 
1 .OE-17 
1.9E-18 
1.6E-18 
1.7E-18 
3.1E-17 
3.OE-18 
1.2E-19 
1.3E-19 
1 .OE-19 
1.8E-19 
3.8E-19 
2.6E-19 
6.2E-19 
2.M-18 
2.5E-18 
3.1E-19 
1.3E-1 6 
4.7E-19 
3.OE-19 
1.6E-19 

2.1 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.1 
2.4 
2.3 

.2 .2 
2.3 
2.3 
2.2 
2.3 
2.4 
2.3 
2.3 
2.3 
2.3 

I 

i 
I 
~ 

I 
i 

i 
i 
I 
I 
I 
I 
I 

1 

I 
i 
I 
I 

I 

1 

I 

I 
! 
I 
I 
I 
1 
1 
I 
I 
I 
~ 

I 
i 

I 
I 

i 
I 
I 

I 

1 

I 
I 
i 
I 



PethwwSpedRc Do- Aaaodated whh Routlna Ahbome Release of AmeMum-241 lcontlnwdl 
Sector 3 
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 ' 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 

Wheat Ingestion 
GM (Svlyeer) GSD 

1.6E-17 
6.4E-16 
1.2E-15 
3.5E-15 
1.4E-13 
1.761 3 
2.OE-13 
2.2E-13 
2.4E-13 
2.8E-13 
3.OE-13 
3.6E-13 
4.3E-13 
4.7E-13 
4.3E-13 
5.2E-13 
5.4E-13 
5.2E-13 
5.3513 
5.5E-13 
5 .E -13  
5.6E-13 
5.8E-13 
6.4E-13 
6.1 E-1 3 
6.1 E-1 3 
5.8E-13 
6.9E-13 
5.9E-13 
6.4E-13 
6.8E-13 
6.6E-13 
6.1E-13 
6.9E-13 
6.7E-13 
6.3E-13 
6.1E-13 

4.2 
3.9 
3.5 
3.4 
3.6 
3.7 
3.5 
3.9 
3.4 
3.8 
3.8 
3.6 
3.4 . 
3.6 
3.6 
3.5 
3.5 
3.6 
3.5 
3.5 
3.4 
3.5 
3.6 
3.6 
3.3 
3.6 
3.5 
3.4 
3.8 
3.6 
3.4 
3.5 
3.3 
3.4 
3.7 
3.5 
3.5 

Milk Ingestion 
GM ISvlyear) GSD 

1.2E-17 
4.OE-16 
4.8E-16 
1.5E-15 
9.1 E-14 
2.7E-14 
1.M-14 
1.9E-14 
2.1 E-1 4 
2.9E-14' 
4.1E-14 
3.6514 
6.1 E-14 
1.8E-14 
2.2E-14 
2.OE-14 
3.2E-14 
2.2E-14 
1.9E-14 
2.OE-14 
1.8E-14 
3.3E-14 
2.1 E-14 
1.9E-14 
2.1E-14 
1.9E-14 
2.2E-14 
1.9E-14 
2.2E-14 
1.9514 
2.5E-14 
2.4514 
2.2E-14 
2.4E-14 
2.1E-14 
2.3E-14 
2.1 E-14 

4.5 
5.1 
4.4 
4.8 
4.8 
4.6 
4.1 
4.6 
4.4 
4.4 
4.3 
4.3 
4.4 
4.0 
4.2 
3.9 
4.2 
4.0 
4.2 
4.4 
4.1 
4.2 
4.3 
4.0 
4.6 
4.1 
4.4 
4.4 
4.1 
4.5 
4.3 
4.3 
4.2 
4.3 
4.2 
4.4 
4.8 

Beef Ingestion 
GM ISvlyearl GSD 

9.4E-17 
3.1E-15 
3.7E-15 
1.2E-14 
7.5E-13 
2.1 E-1 3 
1.2E-13 
1.3E-13 
1.5E-13 
2.4E-13 
2.8E-13 
2.4E-13 
4.3E-13 
1.2E-13 
1.4E-13 
1.6E-13 
2.OE-13 
1.5513 
1.5E-13 
1.3E-13 
1.2513 
2.4E-13 
1.5E-13 
1.4E-13 
1.4E-13 
1 .2E-l3 
1.451 3 
1.551 3 
1.5E-13 
1.6E-13 
1.N-13 
1.5E-13 
1.6E-13 
1.6E-13 
1.5E-13 
1.7E-13 
1.5E-13 

4.6 
4.5 
4.3 
4.1 
4.2 
4.7 
3.9 
3.7 
3.7 
4.0 
3.8 
3.9 
4.1 
3.9 
3.9 
3.7 
3.5 
4.0 
3.7 
4.1 
3.8 
3.8 
4.0 
3.7 
4.3 
4.0 
4.1 
3.8 
4.1 
4.0 
4.0 
3.8 
4.1 
4.0 
3.8 
4.2 
4.4 

Inhalation of 
Resuspended Particulates 
GM ISvlvearl GSD 

7.9E-16 
2.8E-14 
6.8E-14 
1.6E-13 
6.5E-12 
8.3E-12 
9.3E-12 
1.lE-11 
1 .ZE-l  1 
1.4E-11 
1.651 1 
1.751 1 
2.OE-11 
2.151 1 
2.1E-11 
2.4E-11 
2.5E-11 
2.5E-1 1 
2.5E-11 
2.3E-11 
2.5E-11 
3.OE-11 
2.5E-11 
2.8E-11 
2.751 1 
2.5E-11 
2.8E-11 
2.9E-11 
2.9E-11 
2.9E-11 
3.1E-11 
2.9E-11 
3.1E-11 
3.1E-11 
3.1E-11 
3.2E-1 1 
3.OE-1 1 

3.2 
3.2 
3.1 
3.0 
3.1 
2.9 
2.9 
2.9 
2.8 
2.9 
2.9 
2.8 
3.0 
2.7 
2.8 
2.8 
2.8 
2.8 
2.7 
2.6 
2.8 
2.8 
2.6 
2.5 
2.6 
2.5 
2.8 
2.7 
2.7 
2.7 
2.8 
2.6 
2.6 
2.8 
2.5 
2.6 
2.7 

Immersion in 
Resuspended Particulates 
GM (Svlyearl GSD 

1.3E-23 
4.M-22 
1.2E-21 
2.8E-21 
1 .OE-l9 
1.4E-19 
1.5E-19 
1.7E-19 
2.OE-19 
2.3E-19 
2.W-19 
2.9E-19 
3.3519 
3.7E-19 
3.5E-19 
4.OE-19 
4.1 E-1 9 
4.3E-19 
4.1 E-1 9 
4.OE-19 
4.1 E-1 9 
5.1 E-19 
4.1 E-1 9 
4.5E-19 
4.6E-19 
4.3E-19 
4.8E-19 
4.9E-19 
4.8E-19 
4.9E-19 
5.2E-19 
4.8E-19 
5.2E-19 
5.1 E-19 
5.1E-19 
5.4E-19 
4.9E-19 

3.2 
3.2 
3.2 
3.0 
3.0 
2.9 
3.0 
2.9 
2.9 
2.9 
2.9 
2.8 
3.0 
2.7 
2.8 
2.7 
2.9 
2.9 
2.7 
2.8 
2.8 

2.6 
2.6 
2.7 
2.6 
2.6 
2.7 
2.8 
2.7 
2.8 
2.6 
2.6 
2.8 
2.5 
2.6 
2.7 

2.13 

NOTES: 
1) E-01 Is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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~~ 

Totel Dose 
GM (Svlvearl GSD 

3.3E-12 
1.1 E-1 0 
1.2E-10 
3.6E-10 
2.6E-08 
5.1E-09 
2.3E-09 
2.2E-09 
2.6E-09 
4.7E-09 
5.8E-09 
4.8 E-09 
1.1 E-08 
6.OE-10 
7.2E-10 
8.5E-10 
2.3E-09 
6.8E-10 
1.9E-10 
1 .6E-lO 
1.8E-10 
2.OE-09 
2.7510 
7.4E-11 
7.3E-11 
6.8E-11 
8.OE-11 
9.8E-11 
9.051 1 
1.2E-10 
2.6E- 10 
2.4E- 10 
9.5E-11 
1.7E-10 
1.1 E-10 
9.6E-11 
8.2E-11 

2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.0 
2.0 
2.0 
2.2 
2.0 
1.9 
1.8 
1.9 
2.2 
1.9 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
1 .8 
1.9 
1.8 
1.9 
1.8 
1.7 
1.8 
1 .e 



Year 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1960 
1961 
1962 
1983 
1964 
1985 
1986 
1987 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyear) GSD 

1 .OE-1 1 2.3 
3.5E-10 2.2 
3.7E-10 2.3 
1.3E-09 2.3 
7.8E-08 2.3 
1.6E-08 2.1 
8.9E-09 2.2 
8.5E-09 2.2 
8.3E-09 2.2 
1.6E-08 2.3 
1.8E-08 2.2 
1.5E-08 2.2 
3.7E-08 2.3 
1.6E-09 2.3 
2.1 E-09 2.2 
2.6E-09 2.3 
7.8E-09 2.3 
1.9E-09 2.2 
3.8E-10 2.2 
3.1 E- 10 2.3 
3.1 E-10 2.2 
8.1 E-09 2.3 
8.OE-10 2.1 
2.4E-11 2.2 
2.6E-11 2.2 
1.9E-11 2.3 
3.6E-11 2.2 
7.4E-11 2.2 
5.3E-11 2.2 
1.3E-10 2.3 
4.8E-10 2.3 
5.3E- 10 2.1 
5.7E-11 2.2 
2.7E-10 2.2 
9.OE-11 2.3 
5.4E-11 2.3 
3.OE-11 2.3 

Soil Ingestion 
GM (Svlyear) GSD 

1 .2E-l5 
3.9E-14 
7.8E-14 
2.OE-13 
8.3E-12 
1.lE-11 
1.2E-11 
1.4E-11 
1.5E-11 
1.7E-11 
2.1E-11 
2.3E-11 
2.751 1 
2.8E-11 
3.2E-11 
3.2E-11 
3.OE-11 
3.2E-11 
3.2E-11 
3.451 1 
3.7E-11 
3.9E-11 
3.6E-11 
3.8E-11 
3.9E-11 
4.1E-11 
3.6E-11 
3.8E-11 
3.9E-11 
4.OE-11 
4.OE-11 
3.9E-11 
4.OE-11 
4.6E-11 
4.4E-11 
4.2E-11 
4.6E-11 

3.8 
4.0 
3.8 
3.5 
3.6 
3.4 
3.6 
3.6 
3.6 
3.4 
3.6 
3.6 
3.5 
3.6 
3.2 
3.4 
3.5 
3.4 
3.6 
3.3 
3.5 
3.3 
3.5 
3.3 
3.3 
3.4 
3.3 
3.4 
3.5 
3.4 
3.3 
3.3 
3.5 
3.4 
3.2 
3.3 
3.3 

Vegetable Ingestion 
GM (Sv/year) GSD 

1.3E-13 
5.1E-12 
5.4E-12 
1.7E-11 
l . lE-09 
2.1 E-10  
1.1 E-10 
8.8E-11 
1.2E-10 
2.1E-10 
2.6E-10 
2.1E-10 
5.OE-10 
2.8E-11 
3.551 1 
4.2E-11 
1.1 E-10 
3.1E-11 
8.8E-12 
9.OE- 12 
7.8E-12 
9.4E- 1 1 
1.3E-11 
3.7E-12 
3.7512 
3.4E-12 
3.6E-12 
4.6E-12 
4.OE-12 
6.2E- 12 
1.2E-11 
1.3E-11 
4.5E-12 
8.5E-12 
5.2E-12 
4.3E-12 
4.2E-12 

3.3 
3.2 
3.3 
3.4 
3.2 
3.2 
3.5 
3.1 
3.3 
3.2 
3.3 
3.1 
3.3 
2.9 
3.0 
3.0 
3.2 
2.9 
2.8 
2.9 
2.7 
3.2 
2.6 
3.2 
3.0 
3.1 
2.8 
2.8 
2.8 
2.9 
2.8 
2.7 
3.1 
2.7 
2.6 
2.8 
3.1 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Ground Exposure 
GM (Sv/year) GSD 

7.5E-16 
2.8E-14 
5.5E-14 
1.5E-13 
5.9E-12 
8.3E-12 
8.6E-12 
9.9E-12 
1 .OE-1 1 
1.3E-11 
1.4E-11 
1.6E-11 
1.9E-11 
1.9E-11 
2.1E-11 
2.1E-11 
2.3E-11 
2.3E-11 
2.451 1 
2.4E-11 
2.8E-11 
2.6E-11 
2.5E-11 
2.6E-11 
2.651 1 
2.7E-11 
2.7E-11 
2.7E-11 
2.7E-11 
2.8E-11 
2.851 1 
2.8E-11 
2.9E-11 
3.OE-11 
2.9E-11 
3.OE-11 
2.8E-11 

2.8 
2.5 
2.3 
2.3 
2.5 
2.3 
2.4 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.0 
2.2 
2.0 
2.1 
2.2 
2.0 
2.1 
2.0 
2.0 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 
2.0 
2.1 

Immersion 
GM ISv/year) GSD 

1.6E-19 
5.9E-18 
6.3E-18 
2.lE-17 
1.4E-15 
2.6E-18 
1 .2E-18 
1.1 E-1 8 
1.3E-18 
2.7E-18 
3.1 E-1 8 
2.5E-16 
5.9E-18 
2.7E-17 
3.5E-17 
4.3517 
1.3E-18 
3.OE-17 
6.4518 
5.2E-18 
5.1E-18 
1.OE-18 
1 .OE-1 7 
4.1 E-19 
4.4519 
3.1E-19 
8.OE-19 
1.3E-18 
9.OE-19 
2.2E- 1 8 
7.9E-18 
8.6E-18 
9.451 9 
4.5E-18 
1.5E-18 
9.1 E-19 
5.OE-19 

2.3 
2.3 
2.3 
2.4 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.4 
2.4 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 



P m t h ~ S p d t k  Doses Auodated wkh R&Im Ahborn Rdesse of Ameddum.241 (continued) 
Sector 4 
(1953 - 19891 - 

Year - 
1953 
1954 
1965 
1956 
1957 
1958 
1969 
1960 
1981 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1965 
1986 
1967 
1988 
1989 - 

NOTES: 

M e e t  Ingestion 
GM ISvlyeer) GSD 

6.4E-17 
2.OE-16 
4.1 E-1 6 
1 .2E-14 
4.4E-13 
5.6E-13 
6.6E-13 
7.3E-13 
8.3E-13 
8.4E-13 
1.1E-12 
1 . 1  E-1 2 
1.351 2 
1.5E-12 
1.6E-12 
1.5E-12 
1.M-12 
1 .8E-12 
1.7E-12 
1.8E-12 
1.7E-12 
1.7512 
2.1 E-1 2 
2.OE-12 
1.9E-12 
1.9E-12 
2.OE-12 
1.951 2 
1.6E-12 
2.3512 
2.2E-12 
2.2E-12 
2.1E-12 
2.1E-12 
2.2E-12 
2.2E-12 
2.4E-12 

3.9 
4.0 
4.0 
3.9 
3.9 
4.0 
3.5 
3.6 
3.4 
3.4 
3.7 
3.7 
3.6 
3.8 
3.4 
3.9 
3.4 
3.5 
3.7 
3.6 
3.5 
3.1 
3.3 
3.5 
3.6 
3.5 
3.4 
3.4 
3.3 
3.5 
3.5 
3.5 
3.8 
3.7 
3.2 
3.6 
3.5 

Milk Ingestion 
GM ISvlyeer) GSD 

3.6E-17 
1.4E- 15 
1.6E-15 
6.2E-15 
3.OE-13 
8.5514 
5.6E-14 
6.1 E - 1 4  
7.8E- 14 
1.1E-13 
1.3E-13 
1.3E-13 
2.1E-13 
6.7E-14 
6.OE-14 
6.7E-14 
9.6E-14 
6.1E-14 
6.1E-14 
6.2514 
6.1 E-1 4 
1 .OE-13 
6.7E-14 
6.5E-14 
6.9E-14 
6.9E-14 
7.3E-14 
6.9E-14 
7.2E-14 
6.5E-14 
7.4E-14 
8.4E-14 
6.M-14 
7.5E-14 
7.6E-14 
7.5514 
8.1 E-14 

4.8 
4.5 
4.9 
4.5 
4.7 
4.2 
4.1 
4.2 
4.1 
4.0 
4.3 
4.3 
4.1 
4.3 
4.0 
4.2 
4.0 
4.2 
4.1 
4.5 
4.3 
4.2 
4.2 
4.5 
4.4 
4.1 
4.6 
4.2 
4.3 
4.3 
4.1 
4.0 
4.1 
4.4 
4.3 
4.6 
4.7 

Beef Ingestion 
GM ISvlyeerI GSD 

3.1E-16 
l . lE-14 
1.3E-14 
4.2E-14 
2.1E-12 
6.7E-13 
4.3E-13 
4.3E-13 
4.6E-13 
7.lE-13 
6.1E-13 
8.7E-13 
1.6E-12 
4.5E-13 
4.6E-13 
4.9E-13 
7.2E-13 
4.5E-13 
4.5E-13 
4.1E-13 
4.3E-13 
7.OE-13 
4.8E- 13 
4.9E-13 
4.6E-13 
4.M-13 
4.7E-13 
4.6E-13 
4.6E-13 
4.6E-13 
5.1E-13 
5.451 3 
4.6E- 13 
5.5E-13 
5.1E-13 
5.2E-13 
5.3E-13 

4.6 
4.3 
4.3 
4.6 
4.2 
3.8 
3.8 
3.8 
3.7 
3.9 
3.7 
3.9 
3.6 
4 .O 
3.8 
4.0 
3.7 
3.8 
4.3 
4.0 
3.8 
4.0 
4.0 
3.7 
4.1 
3.8 
4.0 
3.9 
4.0 
4.3 
3.9 
3.7 
3.9 
4.0 
4.1 
4.1 
4.1 

1 )  E-01 Is the same 8s the velue divided by 10': E-02 Is the same as the value divided by 10.: etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

AM-4.XLS 2 of 2 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

2.M-15 
6.9E-14 
1.9E-13 
4.9E-13 
2.1E-11 
2.6E-11 
2.8E-11 
3.1E-11 
3.7E-11 
4.4E-11 
5.1E-11 
6.9E-11 
6.751 1 
7.OE-11 
7.3E-11 
7.5E-11 
7.4E-11 
7.9E-11 
8.4E-11 
7.9E-11 
8.1E-11 
9.OE-11 
8.7E-11 
9.1E-11 
8.8E-11 
9.4E-11 
6.8E-11 
9.1E-11 
9.1E-11 
9.lE-11 
9.7E-11 
1 . 1 E - 1 0  
9.9E-11 
1 . O E - 1 0  
9.7E-11 
1 . 1  E - 1 0  
1.lE-10 

3.2 
3.2 
3.1 
2.9 
2.9 
3.0 
2.6 
2.8 
2.6 
2.6 
2.7 
2.7 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.8 
2.9 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.7 
2.5 
2.6 
2.7 

Immersion in 
Resuspended Perticulates 
GM ISvlyear) GSD 

4.5E-23 
1.5E-21 
3.3E-21 
8.3E-21 
3.6519 
4.3E-19 
4.9E-19 
6.2E-19 
6.OE-19 
7.3519 
8.5E-19 
9.6E-19 
1 .lE-18 
1.2E-18 
1.2E-16 
1.3E-18 
1.2E-16 
1.3E-18 
1.4E-16 
1.3516 
1.3E-18 
1.6E-18 
1.6E-18 
1.6516 
1.5E-18 
1.6E-18 
1.6E-18 
1.5E-18 
1.6E-16 
1.6E-18 
1.M-18 
1.7E-18 
1.6E-18 
1.7E-18 
1.6E-18 
1.8E-16 
1.6E-18 

3.1 
3.3 
3.1 
2.9 
2.9 
3.1 
2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.9 
2.7 
2.8 
2.6 
2.7 
2.8 
2.9 
2.8 
2.8 
2.6 
2.8 
2.7 
2.6 
2.7 
2.7 
2.6 
2.7 
2.9 
2.7 
2.6 
2.6 
2.7 
2.5 
2.6 
2.7 

Total Dose 
GM ISvlyear) GSD 

1 .OE-1 1 
3.6E-10 
3.8E-10 
1.3E-09 
8.OE-08 
1.M-08 
7.2 E-09 
6.8E-09 
8.M-09 
1.7508 
1.9E-08 
1 .6E-O6 
3.8E-08 
1.9E-09 
2.4E-09 
2.9E-09 
8.2E-09 
2.2E-09 
6.3E-10 
6.6E.10 
6.M-10 
6.W-09 
8.7E-10 
2.4510 
2.4E-10 
2.4E-10 
2.5E-10 
3.OE.10 
2.8E-10 
3.9E-10 
7.8E-10 
8.4E-10 
3.OE- 10 
5.7E-10 
3.4E- 10 
3.1 E - 1 0  
2.8E-10 

2.3 
2.2 
2.2 
2.3 
2.3 
2.1 
2.2 
2.1 
2.2 
2.2 
2.2 
2.1 
2.2 
2.1 
2.1 
2.1 
2.2 
2.0 
1.9 
1.9 
1.8 
2.2 
1.8 
1.9 
1.6 
1.9 
1.8 
1.8 
1.8 
1.8 
1.9 
1.8 
1 .a 
1.8 
1 .e 
1.8 
1.9 



Pathwey-SpedRc Doses Atsodated with Routfns Alrbwne Release of Amoddurn-241 
sector 5 
(1953 - 1989) 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1980 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 

. 1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyeer) GSD 

4.4E-12 
1.5E-10 
1.7510 
5.6E-10 
3.5E-08 
7.1 E-09 
3.4E-09 
2.8E-09 
3.6E-09 
7.2E-09 
8.4E-09 
6.2E-09 
1.6E-08 
7.M-10 
8.9E- 10 
1.1 E-09 
3.1 E-09 
8.5E-10 
1.7E-10 
1.4E-10 
1.4E-10 
2.6E-09 
2.8E-10 
1.OE-11 
1.1E-11 
8.2E-12 
1.6E-11 
3.3E-11 
2.2E-1 1 
6.2E-11 
2.OE-10 
2.OE-10 
2.4E-11 
1.2E-10 
4.1E-11 
2.5E-11 
1.4E-11 

2.1 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.2 
2.3 

Soil Ingestion 
GM ISv/vear) GSD 

5.OE-16 
1.5E-14 
3.7E-14 
9.8E-14 
3.6E-12 
4.1E-12 
5.OE-12 

. 6.9E-12 
6.9E-12 
7.9E-12 
8.6E-12 
9.7E-12 
1.351 1 
1.3E-11 
1.4E-11 
1.3E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.3E-11 
1.5E-11 
1.6E-11 
1.7E-11 
1.5E-11 
1.6E-11 
1.7E-11 
1.7E-11 
1.6E-11 
1.7E-11 
1.8E-11 
1.7E-11 
1.8E-11 
1.7E111 
1.7E-11 
1.9E-11 
1.9E-11 
1.7E-11 

3.7 
3.8 
3.7 
3.5 
3.7 
3.8 
3.7 
3.6 
3.6 
3.4 
3.5 
3.4 
3.5 
3.6 
3.7 
3.4 
3.4 
3.4 
3.4 
3.5 
3.6 
3.3 
3.4 
3.6 
3.4 
3.3 
3.9 
3.3 
3.3 
3.5 
3.4 
3.4 
3.4 
3.8 
3.3 
3.4 
3.3 

Vegetable Ingestion 
GM ISvlvearI GSD 

6.OE-14 
2.OE-12 
2.3E-12 
7.7E-1'2 
4.6E-10 
9.OE-11 
4.3E-11 
4.OE-11 
5.4E-11 
9.7E-11 
1.2E-10 
8.5E-11 
2.2E-10 
1.2E-11 
1.551 1 
1.8E-11 
4.5E-1 1 
1.4E-11 
4.151 2 
3.9E-12 
3.7E-12 
3.M-11 
6.OE-12 
1.5E-12 
1.6E-12 
1.4E-12 
1 .6E-l2 
2.1E-12 
1.9E-12 
2.6E-12 
5.2E-12 
5.1 E-1 2 
1.9E-12 
3.4E-12 
2.4512 
1.9E-12 
1.8E-12 

3.3 
3.3 
3.5 
3.4 
3.4 
3.6 
3.5 
3.1 
3.2 
3.2 
3.3 
3.1 
3.2 
3.2 
3.2 
3.3 
3.2 
2.9 
3.0 
2.7 
3.0 
3.4 
2.7 
2.9 
3.2 
3.1 
3.1 
3.0 
2.9 
2.7 
2.7 
2.8 
2.9 
2.9 
3.0 
3.0 
3.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

AM-5.XI.S 1 of 2 

Ground Exposure 
GM ISvlvearI GSD 

3.4E-16 
1.2E-14 
2.5E-14 
7.2E-14 
2 . 6 1 2  
3.4E-12 
3.8E-12 
4.3512 
4.7E-12 

6.1 E-12 
5.4E-12 

6.8E-12 
8.4E-12 
8.8E-12 
6.9E-12 
9.6E-12 
9.5E-12 
1.OE-11 
9.6E-12 
1.051 1 
1.1 E-1 1 
1.1 E-1 1 
1.lE-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.3E-11 
1.lE-11 
1.2E-11 
1 .ZE-l 1 
1.2E-11 
1.351 1 
1.2E-11 
1.2E-11 
1.3E-11 
1.2E-11 
1.3E-11 

2.6 
2.3 
2.4 
2.4 
2.6 
2.5 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.1 
2.1 
2.1 
2.1 
2.2 
2.0 
2.2 
2.1 
2.1 

lmmeraion 
GM (Svlyear) GSD 

7.1 E-20 
2.5E-16 
2.8E-18 
9.2E-18 
6.6E-16 
1.2E-16 
5.6E-17 
4.8E-17 
6.OE-17 
1.2E-16 
1.4E-16 
1.lE-16 
2.8E-16 
1.3E-17 
1.4E-17 
1.8E-17 
5.1 E-1 7 
1.4E-17 
2.7E-18 
2.4E-18 
2.4518 
4.5E-17 
4.6E-18 
1.8E-19 
1.8E-19 
1.4E-19 
2.7E-19 
5.6E-19 
3.7E-19 
1 .OE-l8 
3.5E-16 
3.4E-18 
4.OE-19 
2.1E-18 
6.9E-19 
4.2E-19 
2.2E-19 

2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.1 
2.3 
2.3 
2.4 
2.4 
2.3 
2.4 
2.3 
2.3 
2.3 
2.2 
2.4 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.2 
2.3 



Pmthwmy-SpedRc Dosea Auodaed with A w t h r e  Alhm Release of Amoddurn-241 Icontlnwd) 
ssam 5 
I1953 - 1989) 

Yew - 
1953 
1954 
1955 
1958 
1957 
1958 
1959 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyear) GSD 

2.7E-17 
7.9E-18 
2.1E-15 
4.9E.15 
2.051 3 
2.4E-13 
3.1 E-1 3 
3.3E-13 
3.5E-13 
3.9E-13 
4.6513 
4.5E-13 
6.2E-13 
6.8E-13 
7.OE-13 
6.4E-13 
6.4E-13 
6.9E-1 3 
7.2E-13 
7.7E-13 
7.9E-13 
8.8E-13 
7.5E-13 
8.7E-13 
8.9E-13 
8.8E-13 
9.OE-13 
9.2E-13 
8.8E-13 
8.OE-13' 
8.1 E-1 3 
9.1E-13 
8.6E-13 
8.8E-13 
9.6E-13 
8.8E-13 
9.OE-13 

4.0 
3.7 
3.6 
3.6 
3.8 
4.0 
3.7 
3.9 
3.7 
3.8 
3.3 
3.5 
3.6 
3.5 
3.4 
3.7 
3.7 
3.5 
3.6 
3.3 
3.9 
3.8 
3.5 
3.5 
3.7 
3.5 
3.4 
3.8 
3.5 
3.8 
3.6 
3.8 
3.4 
3.4 
3.8 
3.5 
3.4 

Milk Ingestion 
GM (Svlyear) GSD 

1.9E-17 4.4 
8.1E-16 4.8 
7.3E-16 4.7 
2.3E-15 5.0 
1.3E-13 5.2 
4.5E-14 4.1 
2.4E-14 4.3 
2.8E-14 4.1 
3.2E-14 4.0 
4.6E-14 4.5 
5.3E- 14 3.9 
4.3E-14 4.1 
9.5E-14 4.4 
2.8E-14 3.9 
2.8E-14 4.2 
3.2E-14 4.5 
3.9E-14 3.9 
3.3E-14 4.3 
2.5E-14 4.1 
2.751 4 4.4 
2.7E-14 4.5 
4.2514 4.0 

3.OE-14 4.3 
2.7E-14 4.4 
3.1E-14 4.5 
3.3E-14 4.3 
2.8E-14 4.1 
3.OE-14 4.1 
3.1E-14 1 4.1 
3.4E-14 4.1 
3.1 E-14 4.5 
3.OE-14 4.6 
3.3E-14 4.5 
3.3E-14 4.4 
3.1 E-1 4 4.0 
3.7E-14 4.4 

2.9514 , 4.2 

~~ 

Beef Ingestion 
GM ISv/year) GSD 

1.2E-16 4.5 
4.6E-15 4.4 
5.3E-15 4.3 ' 

1.7514 4.4 
9.2E-13 4.5 
3.OE-13 4.0 
1.6E-13 3.7 
1.8E-13 3.5 
2.4E-13 4.0 
3.3E-13 3.7 
4.5E-13 4.0 
3.1 E-1 3 3.7 
7.3E-13 3.6 
1.951 3 3.7 
2.1 E-1 3 3.9 
2.1 E- 1 3 4.0 
2.9E-13 3.5 
2.2513 3.9 
2.OE-13 3.9 
1.7E-13 4.3 
1.9E-13 4.2 
3.3E-13 3.6 
2.2E-13 4.2 
2.1E-13 4.1 
2.OE-13 4.0 
2.151 3 4 .O 
2.OE-13 4.0 
2.OE-13 3.7 
2.OE-13 4.0 
2.OE-13 3.8 
2.3E-13 4.0 
2.2E-13 4.2 
2.05 13 4.1 
2.2E-13 4.0 
2.1 E-1 3 4.2 
2.2E-13 4.1 
2.1 E-1 3 4.0 

NOTES: 
1) E-01 is the same as the vslue divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievett 1 Sv = 1 0 0  rem 

2 of 2 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

1.1 E-1 5 2.9 
3.7E-14 2.9 
8.9E-14 2.9 
2.3E-13 2.8 
8.3E-12 3.1 
1.1E-11 2.9 
1.4E-11 3.0 
1.5E-11 2.9 
1.6E-11 2.8 
1 .8E-1 1 3.0 
2.1E-11 2.8 
2.2E-11 2.8 
3.OE-11 2.8 
3.OE-11 2.9 
3.4E-11 2.7 
3.2E-11 2.8 
3.5E-11 2.7 
3.5E-11 2.7 
3.4E-11 2.7 
3.4E-11 2.8 
3.7E-11 2.8 
3.8E-11 2.7 
3.9E-11 2.8 
4.1E-11 2.7 
3.8E-11 2.6 
4.OE-11 2.8 
4.OE-11 2.7 
3.9E-11 2.7 
4.OE-11 2.7 
4.2E-11 2.7 
4.1E-11 2.8 
4.2E-11 2.8 
3.8E-11 2.6 
4.1E-11 2.7 
4.1E-11 2.8 
4.5E-11 2.9 
4.2E-11 2.8 

Immersion in 
Resuspended Particulates 
GM ISvlyear) GSD 

1 .8E-23 3.1 
8 .X-22  2.9 
1.5E-21 2.9 
3.8E-21 2.8 
1.3519 3.2 
1.9E-19 3.0 
2.2E-19 3.1 
2.8E-19 2.9 
2.7E-19 2.8 
3.05 19 3.0 
3.5519 2.8 
3.8E-19 2.9 
5.2E-19 2.9 
5.1E-19 3.0 
5.4E-19 2.8 
5.2E-19 2.8 
6.8E-19 2.8 
5.6E-19 2.8 
6.5E-19 2.7 
5.6E-19 2.8 
8.2E-19 . 2.8 
6.5E-19 2.8 
6.2E-19 2.7 
8.9E-19 2.7 
6.4519 2.6 
8.7E-19 2.8 
6.8E-19 2.7 
6.4E-19 . 2.7 
8.5E-19 2.9 
7.1519 2.7 
8.9E-19 2.8 
6.9E-19 2.8 
6.3E-19 2.7 
7.OE-19 2.7 
&BE-19 2.6 
7.6E-19 2.8 
7.OE-19 2.7 

Total Dose 
GM ISvlyear) GSD 

4.5E-12 2.1 
1.5E-10 2.2 
1.7E-10 2.3 
5.8E-10 2.2 
3.6E-08 2.3 
7.3E-09 2.3 
3.5E-09 2.2 
3.OE-09 2.2 
3.6E-09 2.2 
7.5E-09 2.2 
8.7E-09 . 2.1 
8.4E-09 2.2 
1.7E-08 2.2 
9.2E-10 2.1 
1 .OE-09 2.2 
1.3E-09 2.1 
3.2E-09 2.3 
9.W-10 2.1 
2.7E-10 1.9 
2.5E-10 1.9 
2.5E-10 1.9 
2.8E-09 2.2 
4.1E-10 1.9 
l.lE-10 1.9 
1.OE-10 1.9 
1.OE-10 1.9 
1.2E-10 1.9 
1.3E-10 1.9 
1.3E-10 1.8 
1.7E-10 1 .8 
3.3E-10 1.8 
3.4E.10 1.9 
1.2E-10 1.8 
2.5E-10 1.9 
1.5E-10 1.8 
1.4E-10 1.9 
1.2E-10 1.9 



Psthrrsy-SpsdRc Darsr Arrocbted wlth Routlne Alrbome R d e ~ e  of Amerfdum-241 
Sector 6 
11953 - 1989) 

Year 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1960 
1981 
1962 
1983 
1984 
1965 
1968 
1987 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISv/year) GSD 

1.9E-12 
8.8E-11 
7.3E-11 
2.1E-10 
1.4E-08 
3.1 E-09 
1.4E-09 
l . lE-09 
1.4E-09 
2.7E-09 
3.3509 
2.7E-09 
6.6E-09 
3.1E-10 
3.9E-10 
4.2E-10 
'1.3E-09 
3.7E-10 
8.8E-11 
6.8E-11 
5.6E-11 
1.1 E-09 
1.2E-10 
4.3E-12 
4.1 E-1 2 
3.1E-12 
8.3E-12 
1.3E-11 
9.2E-12 
2.3E-11 
8.9E-11 
8.7E-11 
1 .OE-1 1 
4.8E-11 
1.761 1 
1 .OE-ll 
5.4512 

2.1 
2.3 
2.4 
2.3 
2.2 
2.2 
2.3 
2.1 
2.2 
2.3 
2.2 
2.1 
2.2 
2.4 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.1 
2.2 
2.3 
2.1 
2.3 

Soil Ingestion 
GM (Sv/veer) GSD 

1.8E-16 
7.OE-15 
1.6E-14 
3.9E-14 
1.5E-12 
1.9E-12 
2.3E-12 
2.5512 
2.7E-12 
2.9E-12 
3.5E-12 
4.OE-12 
5.OE-12 
5.2E-12 
5.2E-12 
5.1E-12 
5.4E-12 
6.3E-12 
5.7E-12 
6.OE-12 
6.4E-12 
7.OE-12 
5.9E-12 
7.OE-12 
6.4E-12 
6.7E-12 
6.9E-12 
7.1E-12 
8.7E-12 
8.OE-12 
7.1E-12 
7.7E-12 
7.2E-12 
7.3E-12 
7.3E-12 
7.2E-12 
7.3512 

3.6 
3.8 
3.5 
3.3 
3.7 
3.6 
3.6 
3.3 
3.5 
3.6 
3.7 
3.3 
3.5 
3.5 
3.1 
3.6 
3.7 
3.2 
3.6 
3.5 
3.4 
3.4 
3.3 
3.5 
3.3 
3.7 
3.3 
3.4 
3.4 
3.5 
3.4 
3.3 
3.4 
3.2 
3.8 
3.5 
3.5 

Vegetable Ingestion 
GM (Svlyear) GSD 

2.5E-14 
9.5E-13 
1 .OE-1 2 
2.9E-12 
1.8E-10 
4.5E-11 
1.9E-11 
1.6E-11 
2.OE-1 1 
3.4E-11 
4.2E-11 
3.9E-11 
8.8E-11 
5.1 E-1 2 
5.8E-12 
6.8E-12 
1.9E-11 
6.2E-12 
1.5E-12 
1.751 2 
1.6E-12 
1.5E-11 
2.6E-12 
5.9E-13 
6.4E-13 
5.9E-13 
7.1E-13 
8.8E-13 
7.6E-13 
1.OE-12 
2.2E-12 
2.2E-12 
8.1E-13 
1.4E-12 
9.9E-13 
8.7E-13 
7.5E-13 

3.3 
3.5 
3.4 
3.4 
3.4 
3.3 
3.3 
3.1 
3.3 
3.4 
3.1 
3.0 
3.3 
3.1 
3.3 
3.2 
3.1 
3.1 
2.7 
2.9 
2.9 
3.1 
2.8 
3.2 
3.2 
3.1 
3.0 
2.8 
3.0 
2.7 
2.7 
2.7 
3.0 
2.7 
3.0 
2.8 
3.3 

NOTES: 
1) E-01 is the name ea the value divided by 10': E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM (Svlyear) GSD 

1.4E-16 
4.9E-15 
1.1E-14 
2.7514 
1.1E-12 
1.5E-12 
1.5E-12 
1.7E-12 
1.9E-12 
2.3E-12 
2.8E-12 
2.9E-12 

'3.5E-12 
3.5E-12 
3.6E-12 
3.8E-12 
3.951 2 
3.9E-12 
4.1E-12 
4.3E-12 
4.5E-12 
4.8E-12 
4.8E-12 
4.8E-12 
4.8E-12 
4.8E-12 
4.8E-12 
4.9E-12 
6.OE-12 
4.9E-12 
5.2E-12 
4.9E-12 
5.OE-12 
5.3E-12 
5.2E-12 
5.OE-12 
5.3E-12 

2.5 
2.4 
2.4 
2.3 
2.5 
2.4 
2.3 
2.3 
2.3 
2.2 
2.3 
2.1 
2.2 
2.2 
2.1 
2.1 
2.2 
2.1 
2.1 
2.1 
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.2 
2.0 
2.1 
2.2 
2.1 
2.2 
2.1 
2.0 
2.1 
2.1 
2.1 

Immersion 
GM (Svlyear) GSD 

3.1E-20 
1.lE-18 
1.2E-18 
3.8E-18 
2.3E-16 
5.3E-17 
2.3E-17 
1.9E-17 
2.4E-17 
4.6E-17 
5.5E-17 
4.551 7 
1.1 E-1 6 
5.1 E-1 8 
8.4E-18 
7.OE-18 
2.2E-17 
6.1 E-1 8 
l . lE-18 
9.7E-19 
9.2E-19 
1.851 7 
1.9E-18 
7.2E-20 
7.3E-20 
5.OE-20 
1 .OE-19 
2.2E-19 
1.5E-19 
3.7E-19 
1.5E-18 
1.4E-18 
1.7E-19 
7.8E-19 
2.7E-19 
1.7E-19 
9.1 E-20 

2.2 
2.2 
2.4 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.4 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.4 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 ' 

2.3 
2.3 
2.2 
2.3 

1 

I 

I 

I 

i 
I 

I 

I 
I 
I 
I 
I 
I 

I 
I 

I 
i 
I 
i 
I 
I 
I 

I i 
1 
I 

I 
I 

I 
i 

I 
I 



Pathwsy-Spectflc Doam Auocbted whh Routtne Alrbome Release of Ameddum-241 Icontlnued) 
Sector 6 
(1953 - 19891 - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1980 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Wheat Ingestion 
GM (Svlveer1 GSD 

. 9.2E-18 3.9 
3.4E-16 3.8 
7.4E-16 3.8 
2.1 E-1 6 3.8 
8.2E-14 4.2 
8.7E-14 3.6 
1.2E-13 3.7 
1.3E-13 3.7 
1.4E-13 3.6 
1.7E-13 3.4 
1.8E-13 3.7 
2.0513 3.5 
2.7E-13 3.4 
2.6E-13 3.6 
3.OE-13 3.5 
2.8E-13 3.5 
3.1 E-1 3 3.6 
3.2E-13 3.6 
3.1E-13 3.2 
3.3E-13 3.4 
3.4E-13 3.7 
3.3E-13 3.5 
3.4E-13 3.7 
3.M-13 3.5 
3.6E-13 3.5 
3.5E-13 3.3 
4.OE-13 3.5 
3.6E-13 3.5 
3.951 3 3.6 
3.9E-13 3.3 
3.7E-13 3.8 
3.7E-13 3.2 
4.OE- 13 3.6 
3.5E-13 3.3 
4.OE-13 3.4 
3.8E-13 3.6 
3.8E-13 3.6 

Milk Ingestion 
GM lSv/yearl GSD 

7.8E-18 4.7 
2.7E-16 4.9 
3.2E-18 4.7 
8.1E-16 4.7 
5.1E-14 4.8 
1.7E-14 4.5 
1 .OE-14 4.0 
9.6E-16 4.0 
1.2E-14 4.5 
1.7E-14 4.1 
2.1E-14 4.1 
1.9E-14 4.1 
3.4E-14 4.5 
1.3E-14 4.4 
1.2E-14 4.3 
1.3514 4.1 
2.OE-14 3.9 
1.2E-14 4.0 
1.1 E-1 4 4.2 
1.2E-14 4.6 
1.1E-14 4.3 
2.OE-14 4.0 
1 .2E-14 4.3 
l . lE-14 4.3 
1.2E-14 4.3 
1.2E-14 4.6 
1.2514 4.1 
1.3E-14 4.7 
1.3E-14 4.3 
1.1 E-1 4 4.5 
1.3E-14 4.5 
1.3E-14 4.6 
1.4E-14 4.2 
1.3E-14 4.3 
1.3514 4.2 
1.4E-14 4.7 
1.4E-14 4.1 

Beef Ingestion 
GM lSv/year) GSD 

5.2E-17 4.3 
2.OE-15 4.6 
2.3E-15 4.4 
5.9E-15 4.0 
4.1E-13 4.4 
1.2E-13 4.0 
7.7E-14 3.8 
8.OE-14 3.9 
8.2E-14 3.8 
1.351 3 4.1 
1.5E-13 3.4 
1.4E-13 3.8 
2.5E-13 3.8 
8.3E-14 3.4 
8.3E-14 3.9 
9.3E-14 3.5 
1.3E-13 3.6 
9.7E-14 3.7 
7.1 E-14 3.9 
8.5E-14 3.7 
7.3E-14 4.2 
1.5E-13 3.5 
8.9E-14 3.9 
8.3E-14 3.9 
7.5E-14 . 3.9 
7.8E-14 3.7 
8.6E-14 4.0 
7.9E-14 4.0 
8.8E-14 4.0 
7.9E-14 3.9 
8.7E-14 4.0 
9.7514 4.0 
9.3E-14 4.1 
8.4E-14 4.1 
9.9E-14 4.0 
9.2E-14 4.2 
8.9E-14 4.4 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Inhalation of 
Resuspended Particulates 
GM lSv/vear) GSD 

5.OE-16 3.0 
1 BE-14 2.9 
3.7E-14 2.9 
9.8E-14 2.9 
3.3E-12 3.1 
4.4E-12 3.0 
5.3E-12 2.9 
5.8E-12 2.8 
6.5E-12 2.8 
7.1E-12 2.8 
8.6E-12 2.8 
8.9E-12 2.7 
1.2E-11 2.8 
1.251 1 2.7 
1.3E-11 2.7 
1.2E-11 2.6 
1.4E-11 2.7 
1.4E-11 2.6 
1.4E-11 2.6 
1.4E-11 2.9 
1.451 1 2.8 
1.W-11 2.5 
1.6E-11 2.6 
1.6E-11 2.8 
1.5E-11 i 2.6 
1.6E-11 2.7 
1.7E-11 2.7 
1.5E-11 2.8 
1.7E-11 2.4 
1.6E-11 2.7 
1.9E-11 2.6 
1.8E-11 2.7 
1.7E-11 2.6 
1.6E-11 2.7 
1.8E-11 2.7 
1.9E-11 2.8 
1.7E-11 2.6 ' 

Immersion in 
Resuspended Particulates 
GM ISv/yearl GSD 

8.2E-24 3.0 
2.8E-22 2.9 
6.2E-22 2.9 
1.6E-21 2.9 
5.6E-20 3.1 
7.5E-20 3.1 
9.1 E-20 3.0 
1.OE-19 2.8 
1.1E-19 2.9 
1.2E-19 2.8 
1.4519 3.0 
1.5E-19 2.8 
2.OE-19 2.9 
2.OE-19 2.7 

2.7 
2.8 

2.3E-19 2.7 
2.4E-19 2.6 
2.4E-19 2.7 
2.4E-19 . 2.9 
2.3E-19 2.8 
2.7E-19 2.8 
2.N-19 2.7 
2.6E-19 2.7 
2.7E-19 2.7 
2.6E-19 2.7 
2.8E-19 2.7 
2.M-19 2.8 
2.7E-19 2.6 
2.6E-19 2.7 
3.2E-19 2.8 
3.OE-19 2.6 
2.9E-19 2.8 
2.6E-19 2.6 
2.9E-19 2.7 
3.2E-19 2.8 
3.OE-19 2.7 

2.1E-19 
2.1 E-1 9 

Total Dose 
GM (Sv/yeerl GSD 

1.9E-12 2.1 
7.OE-11 2.3 
7.5E-11 2.4 
2.2E-10 2.3 
1.4E-08 2.2 
3.2E-09 2.2 
1.4E-09 2.2 
1.1 E-09 2.1 
1.5E-09 2.2 
2.8E-09 2.3 
3.4 E-09 2.2 
2.8E-09 2.1 
6.8E-09 2.2 
3.6E-10 2.2 
4.4E-10 2.1 
4.7E-10 2.1 
1.4E-09 2.2 
4.2E- 10 2.1 
l.lE-10 1.9 
1.OE-10 1 .a 
1.OE-10 1.9 
1.2E-09 2.1 
1.7E-10 1.9 
4.2E-11 2.0 
4.1E-11 1.9 
4.1E-11 2 .0 .  
4.751 1 1.9 
6.4E-11 1.8 
5.OE-11 1.8 
6.M-11 1.8 
1.5E-10 1.8 
1.4E-10 1.9 
5.3E-11 1.8 
9.3E-11 1 .e 
6.3E- t 1 1 .e 
5.5E-11 1.9 
4.7E-11 1.9 



PathwwSpedfk Dosm Assodated wlth Routine Ahborne Release of Amsridum-241 
Sector 7 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 
1985 
1966 
1987 
1986 
1969 

Inhalation 
GM (Svlyear) GSD 

1.7E-12 
5.7E-11 
6.461 1 
2.1 E-1 0 
1.3E-08 
2.6E-09 
1.2E-09 
1 .OE-09 
1.3E-09 
2.7E-09 
3.2E-09 
2.4E-09 
6.1 E-09 
2.7E-10 
3.5E-10 
4.2E-10 
1.2E-09 
3.2E-10 
6.8E-11 
5.4E-11 
5.OE-11 
1 .OE-09 
1.1E-10 
3.9E-12 
4.3E-12 
2.9E-12 
6.1 E-1 2 
1.3E-11 
8.8E-12 
2.2E-11 
8.2E-11 
8.5E-11 
9.4E-12 
4.M-11 
1.W-11 
9.3E-12 
5.3E-12 

2.3 
2.4 
2.3 
2.1 

2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.1 
2.2 
2.2 
2.1 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.4 
2.2 
2.4 
2.1 
2.2 
2.3 

2.3 

Soil Ingestion 
GM lSvlvearl GSD 

1.6E-16 
6.4E-15 
1.2E-14 
3.3E-14 
1.4E-12 
1.9E-12 
1.651 2 
2.1E-12 
2.5E-12 
3.051 2 
3.4E-12 
3.5E-12 
4.1 E-12 
4.5E-12 
4.6E-12 
5.OE-12 
5.9E-12 
5.3E-12 
4.9E-12 
5.5E-12 
5.5E-12 
5.9E-12 
6.8E-12 
5.9E-12 
6.OE-12 
6.2E-12 
6.451 2 
6.4E-12 
6.8E-12 
6.1E-12 
6.3E-12 
6.7512 
6.6E-12 
6.8E-12 
6.3E-12 
7.4E-12 
7.2E-12 

4.2 
3.6 
3.7 
3.6 
3.8 
3.7 
3.7 
3.7 
3.8 
3.5 
3.2 
3.6 
3.7 
3.6 
3.6 
3.4 
3.3 
3.5 
3.4 
3.5 
3.6 
3.5 
3.4 
3.4 
3.7 
3.3 
3.8 
3.3 
3.2 
3.6 
3.5 
3.4 
3.7 
3.2 
3.5 
3.2 
3.5 

Vegetable Ingestion 
GSD GM ISvlvearl 

2.4E-14 
7.6E-13 
6.9E-13 
2.7E-12 
1 . M - 1 0  
3.6E-11 
1.8E-1 1 
1.5E-11 
1.9E-1 1 
3.6E-11 
4.3E-11 
3.351 1 
8.5E-11 
4.6E-12 
5.6E-12 
6.9E-12 
1.7E-11 
5.OE-12 
1.6E-12 
1.5E-12 
1.4E-12 
1.6E-11 
2.3512 
5.8E-13 
5.6E-13 
5.4E-13 
6.4E-13 
7.7E-13 
7.OE-13 
1 .OE-12 
1.9E-12 
2.OE-1 2 
6.5E-13 
1.5E-12 
9.OE-13 
7.3E-13 
7.4E-13 

3.4 
3.4 
3.4 
3.3 
3.5 
3.3 
3.1 
3.2 
3.3 
3.3 
3.3 
3.2 
3.3 
3.0 
3.1 
3.1 
3.2 
2.9 
2.9 
2.9 
2.8 
3.2 
3.0 
3.0 
3.1 
3.1 
3.2 
2.8 
2.9 
2.9 

2.9 
3.0 
2.6 
2.6 
3.0 
3.2 

3 -0 

NOTES: 
1) E-01 is the S a m  as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM ISvlyear) GSD 

1.2E-16 
4.1E-15 
9.7E-15 
2.5E-14 
1 .OE-l2 
1.4E-12 
1.6E-12 
1.6E-12 
1.6E-12 
2.OE-12 
2.4E-12. 
2.6E-12 
3.3E-12 
3.2E-12. 
3.5512 ' 
3.4E-12 
3.8E-12 
3.6E-12 
3.9E-12 
4.051 2 
4.051 2 
4.4E-12 
4.3E-12 
4.2E-12 
4.4E-12 
4.3E-12 
4.4E-12 
4.6E-12 
4.4E-12 
4.5E-12 
4.6E-12 
4.6E-12 
4.7E-12 
4.7E-12 
4.9E-12 
4.7512 
4.6E-12 

2.4 
2.5 
2.4 
2.4 
2.6 
2.5 
2.4 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.1 
2.3 
2.1 
2.2 
2.1 
2.1 
2.2 
2.1 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.2 
2.1 
2.2 
2.1 

Immersion 
GM (Svlyearl GSD 

2.8E-20 
9.6E-19 
1.1518 
3.4E-18 
2.1E-16 
4.3E-17 
2.1E-17 
1.7E-17 
2.1E-17 
4.5E-17 
5.2E-17 
4.1E-17 
1.1 E-16 
4.6E-18 
6.8E-18 
6.9E-18 
1.9E-17 
5.1 E-1 8 
9.8E-19 
8.8E-19 
8.1 E-1 9 
1.7E-17 
1.7518 
6.7E-20 
7.1 E-20 
4.8E-20 
1.OE-19 
2.1 E-1 9 
1.5E-19 
3.7E-19 
1.3E-18 
1.4E-18 
1 BE-19 
7.8E-19 
2.8E-19 
1.5E-19 
9.2E-20 

2.3 
2.4 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.4 
2.3 
2.3 
2.3 
2.3 
2.4 
2.3 . 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.4 
2.3 
2.5 
2.1 
2.3 
2.3 

I 

I 
I 
I 
I 

I 

I 

I 
I 

I 

I 

I 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I i 
I 
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Pmthway-Spodfk DOMI Assodated whh Routbm Ahoma Rdeaae of M d u m - 2 4 1  (continued) 
i sector7 

(1953 - 1989) - 
Ye81 - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960' 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Wheat Ingestion 
GM lSv/veerl GSD 

9.6E-18 
3.4E-16 
7.OE-16 
1.9E-15 
6.6E-14 
9.2E-14 
1 .OE-13 
1.1E-13 
1.3E-13 
1.4E-13 
1.9E-13 
2.1 E-1 3 
2.6E-13 
2.3E-13 
2.5E-13 
2.7E-13 
2.5E-13 
2.8E-13 
3.4E-13 
2.7E-13 
2.9E-13 
3.OE-13 
3.OE-13 
3.1E-13 
3.OE-13 
3.2E-13 
3.2513 
3.5E-13 
3.6E-13 , 

3.9E-13 
3.4E-13 
3.2E-13 
3.2E-13 
3.6E-13 
3.6E-13 
3.3E-13 
4.OE-13 

4.1 
4.1 
3.6 
3.5 
3.7 
4.1 
3.7 
3.7 
3.8 
3.9 
3.7 
3.5 
3.6 
3.6 
3.4 
3.4 
3.4 
3.4 
3.8 
3.6 
3.5 
3.5 
3.5 
3.7 
3.5 
3.3 
3.8 
3.6 
3.5 
3.6 
3.6 
3.5 
3.4 
3.6 
3.7 
3.4 
3.7 

Milk Ingestion 
GM ISvlyearl GSD 

6.8E-18 
2.1E-16 
2.9E-16 
7.4E-16 
5.2E-14 
1.5E-14 
9.8E-15 
9.3E-15 
1.OE-14 
1.8E-14 
1.8E-14 
1.9E-14 
3.8E-14 
9.7E-15 
1.1E-14 
1.1 E-14 
1.6E-14 
1.1 E-14 
1 .OE-14 
9.9E-15 
1.OE-14 
1.7E-14 
1.2E-14 
1.2E-14 
1.3E-14 
1.1 E-1 4 
1.2E-14 
1.2E-14 
1 .OE-14 
l.lE-14 
1.4E-14 
1.3E-14 
1.2E-14 
1.2514 
l . lE-14 
1.2E-14 
1.3E-14 

5.2 
5.2 
5.0 
4.8 
4.9 
4.5 
3.9 
4.7 
4.2 
4.1 
4.3 
4.1 
4.4 
4.0 
4.2 
4.0 
4.1 
4.4 
4.2 
4.2 
4.4 
4.0 
4.3 
4.4 
4.2 
4.5 
4.4 
4.5 
4.1. 
4.4 
4.3 
4.5 
4.4 
4.4 
4.3 
4.3 
4.3 

Beef Ingestion 
GM lSv/yearl GSD 

5.2E-17 
1.4E-15 
1.8E-15 
6.3E-15 
3.6E-13 
9.3E-14 
7.1 E-14 
6.4E-14 
7.9E-14 
1.2E-13 
1.5E-13 
1.2E-13 
2.5E-13 
6.4E-14 
7.5E-14 
7.6E-14 
1.OE-13 
7.7E-14 
7.2E-14 
7.7E-14 
6.6E-14 
1.1 E-1 3 
7.2E-14 
7.2E-14 
7.5E-14 
7.5E-14 
7.2E-14 
7.9E-14 
7.3E-14 
7.3E-14 
8.8E-14 
8.4E-14 
8.9E-14 
8.1E-14 
7.8E-14 
7.9E-14 
7.7E-14 

4.7 
4.7 
4.4 
4.4 
4.4 
3.9 
3.6 
3.9 
3.8 
3.8 
3.8 
3.8 
4.0 
4.0 
3.7 
3.7 
3.9 
3.9 
4.3 
3.9 
4.2 
4.0 
4.0 
4.0 
3.9 
4.3 
4.3 
3.9 
3.8 
4.2 
4.2 
4.5 
4.0 
4.2 
3.6 
4.6 
4.4 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 

AM-7.XLS 2 of 2 

Inhalation of 
Resuspended Particulates 
GM lSv/yearl GSD 

4.3E-16 
1.6E-14 
3.4E-14 
8.1 E-1 4 
3.2E-12 
4.4E-12 
4.6E-12 
5.2E-12 
6.1E-12 
6.7E-12 
6.8E-12 
8.8E-12 
1.lE-11 
l.1E-11 
1.2E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.5E-11 
1.6E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.6E-11 
1.5E-11 
1.7E-11 
1.6E-11 
1.6E-11 
1.7E-11 
1.6E-11 

3.2 
3.0 
2.9 
3.0 
3.1 
2.9 
3.1 
3.1 
2.6 
2.8 
2.8 
2.9 
2.8 
2.9 
2.6 
2.6 
2.7 
2.9 
2.5 
2.8 
2.7 
2.8 
2.8 
2.7 
2.8 
2.7 
2.6 
2.6 
2.7 
2.6 
2.6 
2.6 
2.8 
2.8 
2.5 
2.6 
2.7 

Immersion in 
Resuspended Particulates 
GM ISv/vearl GSD 

7.1 E-24 
2.7E-22 
5.6E-22 
1.3E-21 
5.3 E- 20 
7.4E-20 
7.8E-20 
8.8E-20 
9.9E-20 
l . lE-19 
1.4E-19 
1.6E-19 
1.9E-19 
1.7E-19 
2.OE-19 
1.9E-19 
2.1 E-19 
2.1 E-19 
2.1 E-1 9 
2.3E-19 
2.2E-19 
2.5E-19 
2.3E-19 
2.5519 
2.5E-19 
2.5E-19 
2.7E-19 
2.6E-19 
2.6E-19 
2.5E-19 
2.5E-19 
2.W-19 
2.9E-19 
2.7E-19 
2.W-19 
2.8E-19 
2.8E-19 

3.4 
3.0 
2.9 
3.2 
3.2 
2.9 
3.1 
3.1 
2.9 
2.8 
2.9 
2.9 
2.9 , 

2.9 
2.7 
2.6 
2.6 
3.0 
2.6 
2.8 
2.7 
2.8 
2.8 
2.7 
2.8 
2.7 ' 

2.6 
2.6 
2.7 
2.7 
2.7 
2.6 
2.7 
2.8 
2.6 
2.8 
2.7 

Total Dose 
GM (Svlyaarl GSD 

1 .BE-1 2 
5.6E-11 
6.5E-11 
2.1 E-1 0 
1.3E-08 
2.6E-09 
1.3E-09 
1.1 E-09 
1.3E-09 
2.8 E-09 
3.3E-09 
2.5E-09 
6.3E-09 
3.2E-10 
4.OE-10 
4.7E-10 
1.3E-09 
3.7E-10 
9.9E-11 
9.7E-1 I 
9.1E-11 
1.1E-09 
1.6E-10 
3.8E-11 
4.OE-11 
3.8E-11 
4.5E-11 
5.2E-11 
4.7E-11 
6.3E-11 
1.3E-10 
1.4E-10 
5.1E-11 
9.4E-11 

5.1E-11 
5.6E-11 

4.5E-11 

2.3 
2.3 
2.3 
2.1 
2.3 
2.3 
2.2 
2.2 
2.2 
2.1 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.2 
2.1 
1.8 
1 .8 
1.6 
2.1 
1.9 
1.9 
1.9 

' 1.9 
1.8 

1.8 
1.8 
1.9 
2.0 
1.9 
1.9 
1.7 
1.8 
1.9 

1 .e 



- 
Year 

1953 
1954 
1955 
1956 
1957 
1958 
1969 
1960 
1961 
1962 
1963 
1964 
1965 
1968 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 

Inhalation 
GM ISv/yearJ GSD 

5.8E-12 
1.9E-10 
2.OE-10 
6.3E-10 
4.2E-08 
9.OE-09 
4.OE-09 
3.7E-09 
4.3E-09 
6.4E-09 
1.1 E-08 
7.5 E-09 
1.9506 
9.7510 
l . lE-09 
1.3E-09 
3.9E-09 
1.1 E-09 
2.2E-10 
1.8E-10 
1.7E-10 
3.4E-09 
3.6E-10 
1.4E-11 
1.4E-11 
1.OE-11 
2.OE-11 
4.2E-11 
2.9E-11 
6.M-11 
2.8E-10 
2.7E-10 
3.OE-11 
1.5E-10 
4.9E-11 
3.1E-11 
1.7511 

2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.4 
2.4 
2.3 
2.2 
2.3 
2.1 
2.2 
2.3 
2.2 
2.3 
2.4 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.1 
2.1 
2.3 
2.4 
2.1 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 

Soil Ingestion 
GM (Svlyear) GSD 

5.5E-16 
2.1 E-1 4 
5.3E-14 
1.3E-13 
4.7E-12 
6.OE-12 
6.651 2 
7.OE-12 
7.3E-12 
9.2E-12 
1.lE-11 
1.2E-11 
1.X-11 
1.5E-11 
1.5E-11 
1.7E-11 
1.5E-11 
1.9E-11 
1.9E-11 
1.8E-11 
1 .BE-ll 
2.OE-11 
1.9E-11 

1.9E-11 
2.OE-11 
2.2E-11 
2.1E-11 
2.OE-11 
2.OE-11 
2.2E-11 
2.5E-11 
2.lE-11 
2.2E-11 
2.3E-11 
2.2E-11 
2.3E-11 

1 .e€-1 1 

4.0 
4.0 
3.5 
3.8 
4.1 
3.4 
3.6 
3.6 
3.6 
3.4 
3.7 
3.7 
3.5 
3.8 
3.4 
3.4 
3.5 
3.3 
3.5 
3.5 
3.9 
3.4 
3.6 
3.5 
3.8 
3.4 
3.4 
4.0 
3.4 
3.7 
3.5 
3.6 
3.3 
3.4 
3.6 
3.3 
3.3 

Vegetable Ingestion 
GM (Svlyeari GSD 

7.6E-14 
2.5E-12 
2.6E-12 
8.8E-12 
5.6E-10 
1.2E-10 
5 .X -11  
4.7E-11 
5.5E-11 
1.1E-10 
1.5E-10 
1.lE-10 
2.6E-10 
1.5E-11 
1.7E-11 
2.4E-11 
6.OE-11 
1.7E-11 
5.2E-12 
4.9E-12 
4.6E-12 
4.9E-1.1 
7.9E-12 
1.9E-12 
1.9E-12 
1.9E-12 
2.1 E-1 2 
2.6E-12 
2.1 E-1 2 
3.2E-12 
6.5E-12 
7.OE-12 
2.3E-12 
4.96-12 
2.8E-1 2 
2.6E-12 
2.2E-12 

3.4 
3.1 
3.4 
3.3 
3.4 
3.2 
3.3 
3.4 
3.3 
3.4 
3.4. 
3.4 
3.3 
3.1 
3.1 
3.2 
3.4 
3.1 
2.7 
2.8 
2.9 
3.2 
2.9 
3.2 
3.4 
3.1 
3.0 
3.0 
2.9 
3.0 
2.9 
2.7 
3.0 
2.7 
2:9 
3.2 
3.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 1 0 :  etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM (Sv/yeari GSD 

3.9E-16 
1.7E-14 
3.1 E- 1 4 
8.7E-14 
3.4E-12 
4.4E-12 
4.9E-12 
5.6E-12 
5.8E-12 
6.6E-12 
7.6E-12 
8.2E-12 
1.lE-11 
1.1E-11 
1 . l E - l l  
1.lE-11 
1 .ZE-1 1 
1.4E-11 
1.3E-11 
1.3E-11 
1.4E-11 
1.3E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.4E-11 
1.5E-11 
1.6E-11 
1.551 1 
1.64511 
1.5E-11 
1.551 1 
1.5E-11 
1.7E-11 
1.5E-11 
1.651 1 

2.7 
2.6 
2.5 
2.5 
2.6 
2.5 
2.4 
2.3 
2.4 
2.4 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 
2.2 
2.2 
2.0 
2.1 
2.2 
2.0 
2.2 
2.2 
2.1 
2.3 

Immersion 
GM (Svlyearl GSO 

9.3E-20 
3.2E-16 
3.3E-18 
1.OE-17 
7.1 E-1 6 
1.5E-16 
6.4E-17 
6.OE-17 
7.OE-17 
1.4E-16 
1 .BE-l 6 
1.3E-16 
3.3E-16 
1.5E-17 
1.9E-17 
2.2E-17 
6.4E-17 
1.8E-17 
3.6E-18 
2.9E-18 
2.9E-18 
5.6E-17 
5.9E-18 
2.3E-19 
2.3E-19 
1.7E-19 
3.3E-19 
6.7519 
4.8E-19 
1.1E-16 
4.7E-18 
4.6E-18 
4.9E-19 
2.5E-18 
8.2E-19 
5.2E-19 
2.7E-19 

2.4 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.4 
2.2 
2.3 
2.3 
2.1 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.4 
2.2 
2.2 
2.3 
2.3 
2.4 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
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I1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1988 
1987 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

~~~ 

Wheat Ingestion 
GM (Svlyear) GSD 

3.1E-17 
1 .OE-15 
2.1E-15 
5.2E-16 
2.5E-13 
3.2E-13 
3.6E-13 
3.7E-13 
4.4E-13 
4.5E-13 
6.6E-13 
8.7E-13 
7.5E-13 
7.4E-13 
8.OE-13 
8.8E-13 
9.1 E-1 3 
9.2E-13 
9.5E-13 
1.OE-12 
1.1E-12 
1 .1E-l2 
9.7E-13 
l.lE-12 
l.lE-12 
1.1E-12 
1.1E-12 
1.1E-12 
9.9E-13 
1.2E-12 
1.lE-12 
l.lE-12 
l.lE-12 
1.2E-12 
1.1E-12 
1.2E-12 
1.1 E-1 2 

4.0 
4.0 
4.1 
3.5 
3.8 
3.8 
3.9 
3.6 
3.8 
3.8 
3.4 
3.6 
3.8 
3.7 
3.8 
3.8 
3.6 
3.6 
3.6 
3.4 
3.6 
3.4 
3.5 
3.6 
3.9 
3.4 
3.4 
3.6 
3.7 
3.5 
3.6 
3.4 
3.4 
3.4 
3.5 
3.8 
3.4 

Milk Ingestion 
GM (Svlyear; GSD 

2.1E-17 
7.3E-16 
8.1 E-1 6 
2.4E-15 
1.7E-13 
4.9E-14 
3.1 E-14 
2.8E-14 
3.4514 
5.5E-14 
8.9E-14 
5.6E-14 
1.1 E-13 
3.4E-14 
4.1 E-14 
4.1E-14 
5.3E-14 
3.7E-14 
3.3E-14 
3.4E-14 
3.7514 
5.5E-14 
3.5E-14 
3.5514 
3.8E-14 
3.9E-14 
3.6E-14 
3.8E-14 
4.OE-14 
4.3E-14 
4.3E-14 
4.5E-14 
4.0514 
3.8E- 14 
4.OE-14 
3.8E-14 
4.1E-14 

5.1 
4.7 
4.5 
4.6 
4.6 
4.5 
4.1 
4.1 
4.2 
4.0 
4.3 
4.3 
4.5 
4.1 
4.2 
4.3 
4.1 
4.2 
4.5 
4.3 
4.3 
4.4 
4.7 
4.2 
4.8 
4.2 
4.3 
4.7 
4.1 
4.2 
4.0 
4.2 
4.4 
4.4 
4.8 
4.6 
4.7 

Beef Ingestion 
GM ISvlyear) GSD 

1.6E-16 
5.9E-15 
6.2E-15 
2.OE-14 
1.2E-12 
3.4E-13 
2.2E-13 
2.2E-13 
2.5E-13 
4.OE-13 

4.OE-13 
9.1E-13 

5.1 E-1 3 

2.4E-13 
2.W-13 
2.6E-13 
4.OE-13 
2.9E-13 
2.5E-13 
2.3E-13 
2.3E-13 
4.OE-13 
2.6E-13 
2.3E-13 
2.4E-13 
2.6513 
2.7E-13 
2.5E-13 
2.4E-13 
2.7E-13 
2.W-13 
3.1 E-1 3 
2.7E-13 
2.7E-13 
3.OE-13 
2.7E-13 
2.7E-13 

4.4 
4.3 
4.5 
4.4 
4.2 
3.8 
3.8 
3.9 
3.8 
4.0 
4.0 
4.0 
4.2 
3.9 
3.7 
3.7 
3.7 
4.1 
4.4 
4.1 
3.9 
3.8 
3.7 
4.0 
4.1 
3.9 
4.2 
4.3 
4.2 
3.9 
3.9 
4.2 
3.8 
4.2 
4.1 
3.8 
4.1 

IOTES: 
) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 

2) GM e; Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

2 of 2 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

1.4E-15 
* 5.1E-14 

1.1 E-1 3 
3.OE- 13 
1.2E-11 
1.451 1 
1.6E-11 
1.7E-11 
1.9E-11 
2.1E-11 
2.7E-11 
3.051 1 
3.6E-11 
3.751 1 
4.OE-11 
4.OE-11 
4.OE-11 
4 x 1  1 
4.4E-11 
4.4E-11 
4.3E-11 
4.8E-11 
4.7E-11 
4.6E-11 
5.OE-11 
5.2E-11 
4.9E-11 
5.2E-11 
5.1E-11 
5.2E-11 
5.5E-11 
5.7E-11 
5.7E-11 
5.2E-11 
5.351 1 
5.4E-1 1 
5.7E-11 

3.2 
3.2 
2.9 
2.9 
3.1 
2.9 
2.9 
2.9 
3.0 
2.7 
2.8 
2.9 
2.7 
2.8 
2.7 
2.9 
2.8 
2.7 
2.6 
2.8 
2.8 
2.7 
2.8 
2.7 
2.8 
2.7 
2.6 
2.9 
2.7 
2.7 
2.6 
2.8 
2.7 
2.6 
2.7 
2.6 
2.6 

Immersion in 
Resuspended Particulates 
GM (Svlyeer) GSD 

2.3E-23 
8.3E-22 
1.9E-21 
5.OE-21 
2.OE-19 
2.4E-19 
2.M-19 
2.8E-19 
3.1 E-1 9 
3.M-19 
4.4E-19 
6.2E-19 
6.OE-19 
5.9E-19 
6.M-19 
6.6E-19 
8.8E-19 
7.1E-19 
7.1 E-1 9 
7.2E-19 
7.3E-19 
8.OE-19 
7.6E-19 
7.8E-19 
8.1E-19 
8.7E-19 
8.OE-19 
8.3E-19 
8.3E-19 
8.8E-19 
9.4E-I9 
9.4E-19 
9.3E-19 
8.8E-19 
8.9E-19 
9.OE-19 
9.1 E-19 

3.3 
3.2 
2.9 
3.0 
3.1 
2.9 
2.9 
3.0 
3.0 
2.7 
2.7 
2.8 . 
2.7 
2.8 
2.7 
2.9 
2.8 
2.8 
2.8 
2.8 
2.9 
2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.8 
2.7 
2.8 
2.7 
2.8 
2.7 
2.7 
2.6 
2.8 
2.6 

Total Dose 
GM ISvlyear) GSD 

5.9E-12 2.3 
2.OE-10 2.2 
2.OE- 10 2.2 
6.5E-10 2.3 
4.3E-08 2.2 
9.2E-09 2.2 
4.1 E-09 2.4 
3.6E-09 2.4 
4.4E-09 2.2 
8.8E-09 2.2 
l.lE-08 2.2 
7.8E-09 2.1 
2.OE-08 2.2 
1.1 E-09 2.1 
1.3E-09 2.1 
1.5E-09 2.1 
4.2E-09 2: 3 
1.2E-09 2.0 
3.8E-10 1.8 
3.2E- 10 1.9 
3.1E-10 1.9 
3.8E-09 2.1 
6.2E-10 1.9 
1.2E-10 1.9 
1.3E-10 2.0 
1.3E-10 1.9 
1.4E-10 1.8 
1.8E-10 1.9 
1.6E-10 1.8 
2.OE-10 1.8 
4.5E-10 1.9 
4.6510 1.9 
1 .6E-lO 1.9 
3.1E-10 1.6 
1.9E-10 1.8 
1.6E-10 1.8 
1.5E-10 1.9 



Year 

1953 
1954 
1955 
1956 
1957 
1968 
1959 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1962 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
G M  ISvlvestl GSD 

2.4E-12 
6.OE-11 
8.3E-11 
2.9E-10 
1.9E-08 
4.OE-09 
1 BE-09 
1.6E-09 
1.8E-09 
3.8E-09 
4.2E-09 
3.4E-09 
8.5E-09 
4.OE- 10 
5.1E-10 
5.8E-10 
1.M-09 
5.OE-10 
9.OE-11 
7.4E-11 
7.5E-11 
1.5E-09 
1.6510 
6.1E-12 
6.OE-12 
4.1 E-1 2 
9.2E-12 
1.9E-11 
1.2E-11 
3.2E-11 
1.2E-10 
1 .ZE-10 
1.4E-11 
6.3E-11 
2.2E-11 
1.3E-11 
7.6E-12 

2.2 
2.4 
2.3 
2.2 
2.1 
2.4 
2.1 
2.3 
2.3 
2.2 
2.3 
2.3 
2.1 
2.3 
2.1 
2.1 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.1 
2.4 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 

Soil Ingestion 
G M  ISvlvearl GSD 

2.7E-16 
9.351 5 
1.9E-14 
5.2E-14 
2.OE-12 
2.5E-12 
2.9E-12 
3.7E-12 
3.7512 
4.OE- 12 
4.4E-12 
5.0512 
6.9E-12 
6.6E-12 
6.951 2 
6.8E-12 
7.1 E-1 2 
7.6E-12 
8.OE-12 
7.6E-12 
8.5E-12 
7.7E-12 
8.9E-12 
8.7E-12 
9.351 2 
9.4E-12 
9.1E-12 
8 s - 1 2  
9.1E-12 
9.4E-12 
8.9E-12 
9.3E-12 
8.9E-12 
9.9E-12 
1 .OE-1 1 
9.4E-12 
1.OE-11 

3.8 
3.8 
3.8 
3.8 
3.8 
3.9 
3.7 
3.6 
3.6 
3.5 
3.6 
3.8 
3.5 
3.5 
3.5 
3.3 
3.3 
3.4 
3.4 
3.5 
3.2 
3.4 
3.3 
3.4 
3.2 
3.2 
3.5 
3.1 
3.4 
3.3 
3.4 
3.4 
3.4 
3.4 
3.3 
3.5 
3.3 

Vegetable Ingestion 
GM ISvlvear) GSD 

3.6E-14 
1 . lE- l2  

4.3E-12 
2.7E- 10 
5.1E-11 
2.5E-11 
2.4E-11 
2.7E-11 
5.3E-11 
5.8E-11 
4.9E-11 
l . lE-10 
6.6E-12 
8.4E-12 
9.7E-12 
2.7E-11 
7.7E-12 
2.2E-12 
2.OE-12 
2.OE-12 
2.3E-11 
3.4E-12 
8.4E-13 
7.7E-13 
7.3E-13 
1.OE-12 
l.lE-12 
9.3E-13 
1.5E-12 
3.OE-12 
2.6E-12 
1.OE-12 
2.OE-12 
1.3E-12 
1.OE-12 
8.7E-13 

1 .i&i 2 

3.3 
3.6 
3.4 
3.1 
3.3 
3.5 
3.6 
3.0 
3.2 
3.2 
3.2 
3.1 
3.2 
3.1 
3.1 
3.2 
3.1 
3.0 
2.6 
2.9 
2.7 
3.2 
2.8 
3.0 
3.3 
3.1 
3.1 
2.7 
2.8 
2.6 
2.7 
2.9 
3.0 
2.7 
2.8 
2.9 
3.0 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same 8s the value divided by lW; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv - Sieved; 1 Sv = 100 rem 

Ground Exposure 
GM ISvlyear) GSD 

1.9E-16 
6.6E-15 
1.4E-14 
3.6E-14 
1.4E-12 
1.9E-12 
2.1 E-1 2 
2.2E-12 
2.5E-12 
3.OE-12 
3.4E-12 
3.7E-12 
5.OE-12 
4.8E-12 
4.7512 
5.OE-12 
5.3512 
5.5E-12 
5.6E-12 
5.8512 
6.2E-12 
6.8E-12 
6.1E-12 
6.4E-12 
6.4E-12 
6.2E-12 
6.3E-12 
6.9E-12 
6.6E-12 
7.OE-12 
7.051 2 
7.5E-12 
6.7E-12 
6.9E-12 
7.OE-12 
7.1E-12 
7.3E-12 

2.5 
2.6 
2.3 
2.4 
2.6 
2.4 
2.3 
2.2 
2.3 
2.3 
2.1 
2.2 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.1 
2.2 
2.0 
2.2 
2.1 
2.2 
2.2 
2.1 
2.2 
2.1 
2.0 
2.1 
2.2 
2.1 
2.1 
2.1 
2.0 
2.1 
2.2 

~~ 

Immersion 
GM fSv/year) GSD 

3.9E-20 
1.4E-18 
1.3E-16 
4.7E-18 
3.1 E-1 6 
6.7E-17 
3.OE-17 
2.6E:17 
3.OE-17 
6.3E-17 
7.2E-17 
6.M-17 
1.4E-16 
6.6E-16 
8.1 E-1 8 
9.7E-18 
3.OE-17 
8.3E-18 
1.6E-18 
1.2E-18 
1.2E-18 
2.3E-17 
2.6E-18 
1.OE-19 
9.9E-20 
6.8E-20 
1.M-19 
3.2E-19 
2.lE-19 
5.3E-19 
2.1E-18 
2.OE-18 
2.3E-19 
1.OE-18 
3.7E-19 
2.2E- 19 
1.2519 

2.3 
2.4 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.1 
2.4 
2.2 
2.1 
2.3 
2.3 
2.2 
2.2 
2.3 
2.4 
2.2 
2.3 
2.3 
2.3 
2.2 
2.4 
2.1 
2.4 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2 .'4 

I 
I I 
I 

I 
I 
I 
i 

I 
I 
i 
I 
I 
I 
I 
I 
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Pathway-Sped* L h e s  Aaaodmted wlth Rwtlm Ahborne R d e ~ e  of Amerfdum-241 lcontlnuedl 
sector 9 
(1953 - 1989) 

~ 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~~ 

Wheat Ingestion 
GM (Sv/year) GSD 

1.3E-17 
4.6E-16 
1.OE-15 
3.OE-15 
1.2513 
1.3E-13 
1.5E-13 
1.5E-13 
2.OE-13 
2.3E-13 
2.5E-13 
2.9E-13 
3.N-13 
3.4E-13 
3.7513 
4.OE-13 
3.9E-13 
3.7E-13 
4.1E-13 
4.2E-13 
4.2E-13 
4.1E-13 
4.6E-13 
4.7E-13 
4.4E-13 
4.2E-13 
5.1E-13 
4.8E-13 
4.8E-13 
5.1 E-1 3 
4.5E-13 
4.7E-13 
5.OE-13 
5.2E-13 
5.1E-13 
4.7E-13 
4 . 6 1 3  

3.9 
4.0 
3.6 
3.9 
4.3 
3.8 
3.6 
4.1 
3.6 
3.8 
3.5 
3.3 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.4 
3.8 
3.4 
3.5 
3.4 
3.5 
3.6 
3.4 
3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.4 

Milk Ingestion 
GM ISvlyear) GSD 

9.9E-18 
3.3E-16 
3.4E-16 
1.3515 , 

7.5E-14 , 

2.1E-14 , 

1.4E-14 
1.5514 
1.7E-14 
2.4E-14 
2.5E-14 
2.7E-14 
4.8E-14 
1.5E-14 
1.6E-14 
1.7514 
1.8E-14 
1.6E-14 
1.4E-14 
1.5E-14 
1 BE-14 
2.5514 
1.5E-14 
1.5E-14 
1.6E-14 
1.6E-14 
1.6E-14 
1.M-14 
1.6E-14 
1.6E-14 
1.7E-14 
1.8E-14 
1.5E-14 
1.9E-14 
1.7E-14 
1.7E-14 
1.8E-14 

5.0 
4.7 
4.6 
4.6 
4.8 
4.6 
4.3 
4.2 
4.5 
4.4 
4.4 
4.2 
4.5 
4.5 
3.8 
3.9 
4.1 
4.1 
4.2 
4.2 
4.0 
4.2 
4.1 
4.6 
4.3 
4.2 
4.0 
4.2 
4.4 
4.2 
4.1 
4.2 
4.3 
4.4 
4.6 
4.4 
4.4 

Beef Ingestion 
GM ISvlyear) GSD 

7.2E-17 
2.6E-15 
2.8E-15 
9.3E-15 
5.3E-13 
1.6E-13 
9.7E-14 
9.7E-14 
l . lE-13 
1.6E-13 
1.9E-13 
2.051 3 
3.4E-13 
1.1513 
1.1  E-1 3 
1.2E-13 
1.7E-13 
1.2E-13 
1.OE-13 
1 .OE-1 3 
1.1E-13 
1.7E-13 
1.1 E-13 
1.OE-13 
1.1513 
1.1E-13 
1.1 E-1 3 
9.951 4 
1 .1E-l3 
1 .2E-13 
1.3E-13 
1.2E-13 
1 .2E-l3 
1.3E-13 
1.2E-13 
1.2E-13 
1.3E-13 

4'. 6 
4.4 
4.6 
4.3 
4.3 
4.0 
3.8 
3.9 
4.0 
3.8 
3.6 
3.6 
3.9 
3.8 
3.9 
3.6 
3.5 
3.5 
3.8 
3.6 
3.6 
3.8 
3.9 
4.1 
4.0 
3.9 
4.2 
3.6 
3.9 
3.8 
3.9 
3.8 
3.9 
3.9 
4.2 
4.1 
4.0 

NOTES: 
1) E-01 is the same 8s the value divided by 10'; E-02 is the same as the value divided by lo'; etc. 
2) GM = Geometric Mean 
3) GSD - Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

6.3E-16 
2.3E-14 
4.7E.14 
1.3E-13 
5.OE-12 
6.OE-12 
7.2E-12 
8.4E-12 
9.1 E-1 2 
9.8E-12 
1.lE-11 
1.4E-11 
1.651 1 
1.7E-11 
1.7E-11 
1.7E-11 
1.7E-11 
1.7E-11 
2.OE-11 
1.9E-11 
2.1E-11 
2.OE-11 
2.1E-11 
2.1E-11 
2.2E-11 
2.3E-11 
2.3E-11 
2.3E-11 
2.OE-11 
2.2E-11 
2.3E-11 
2.2E-11 
2.351 1 
2.5E-11 
2.4E-11 
2.3E-11 
2.5E-11 

3.1 
3.2 
2.6 
2.9 
3.2 
3.0 
2.8 
2.8 
2.7 
2.6 
2.6 
2.7 
2.7 
2.7 
2.5 
2.8 
2.5 
2.6 
2.7 
2.7 
2.5 
2.8 
2.5 
2.7 
2.6 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.7 
2.6 
2.7 
2.7 
2.7 

Immersion in . 
Resuspended Particulates 
GM (Svlyear) GSD 

1 .OE-23 
3.9E-22 
7.5E-22 
2.1E-21 
6.2E-20 
1 .OE-19 
1.2E-19 
1.4E-19 
1.5E-19 
1.7E-19 
1.8E-19 
2.3E-19 
2.6E-19 
2.8E-19 
2.7E-19 
2.8E-19 
2.9E- 19 
2.8E-19 
3.2E-19 
3.2E-19 
3.5E-19 
3.2E-19 
3.5E-19 
3.M-19 
3.6E-19 
3.8E-19 
3.7E-19 
3.8E-19 
3.4E-19 
3.6E-19 
3.8E-19 
3.6E-19 
3.6E-19 
4.OE-19 
4.lE-19 
3.9E-19 
4.1E-19 

3.1 
3.2 
2.8 
2.9 
3.2 
3.0 
2.8 
2.9 
2.7 
2.7 
2.8 
2.8 
2.7 
2.8 
2.5 
2.6 
2.6 
2.7 
2.7 
2.7 
2.5 
2.8 
2.6 
2.6 
2.7 
2.7 
2.7 
2.7 
2.6 
2.8 
2.7 
2.6 
2.7 
2.6 
2.8 
2.7 
2.7 

Total Dose 
GM (Svlyear) GSD 

2.5E-12 
8.2E-11 
6.5E-11 
3.05 10 
1.9E-08 
4.1 E-09 
1 .8E-09 
1.7E-09 
1.9E-09 
3.9E-09 
4.4E-09 
3.5E-09 
8.7E-09 
4.6E-10 
6.7E-10 
6.5E- 10 
1.9E-09 
6.7E-10 
1.5E-10 
1.3E-10 
1.4E-10 
1.M-09 
2.2E-10 
6.7E-11 
5.8E-11 
5:6E-11 
6.5E-11 
7.7E-11 
6.4E-11 
9.3E-11 
1.9E-10 
1.9E-10 
7.OE-11 
1.3E-10 
8.4E-11 
7.2E-11 
6.7E-11 

2.2 
2.4 
2.3 
2.2 
2.1 
2.3 
2.1 
2.2 
2.2 
2.2 
2.2 
2.3 
2.1 
2.2 
2.0 
2.0 
2.1 
2.1 
1.8 
1.9 
1.8 
2.3 
1 .8 
1.9 
1.9 
2.0 
1.9 
1 .8 
1.8 
1.6 
1 .e 
1.9 
1.8 
1.8 
1.8 
1.8 
1.9 



Sector 10 
(1953 - 1989) - 

Year 

1963 
1964 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 . 
1975 
1976 
1977 
1978 
1979 
1980 . 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

~~~~~ 

Inhalation 
GM (Svlysar) GSD 

1 .OE-l2 
3.351 1 
3.6E-11 
1.1 E-10 
7.7E-09 
1.5509 
7.1 E-10 
6.1 E-10 
7.6E-10 
1.5E-09 
1.9E-09 
1.4E-09 
3.M-09 
1.5E-10 
2.1 E-1 0 
2.4E-10 
7.OE-10 
1.9510 
3.6E-11 
3.051 1 
3.OE-11 
5.8E-10 
6.4E-11 
2.4E-12 
2.4512 
1.8E-12 
3.3E-12 
7.2E-12 
6.151 2 
1 . lE - l l  
4.6E-11 
4.7E-11 
5.6E-12 
2.551 1 
8.8E-12 

.5.6E-12 
3.OE-12 

2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.3 
2.3 
2.2 
2.2 
2.4 
2.2 
2.3 
2.2 
2.3 
2.2 
2.4 
2.3 
2.1 
2.3 
2.3 
2.1 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 

~~~~ ~~ ~~~ 

Soil Ingestion 
GM (Svlyear) GSD 

9.OE-17 
3.7E-15 
8.OE-15 
1.9E-14 
7.7E-13 
1.1 E-1 2 
1 .1E-l2 
1.3E-12 
1.3E-12 
1.6E-12 
1.7E-12 
2.OE-12 
2.9E-12 
2.6E-12 
2.651 2 
2.9E-12 
2.8E-12 
3.OE-12 
3.1E-12 
3.1E-12 
3.2512 
3.4E-12 
3.5E-12 
3.651 2 
3.6E-12 
3.6E-12 
3.9E-12 
3.4E-12 
3.8E-12 
3.9E-12 
3.8E-12 
3.9E-12 
3.9E-12 
3.7E-12 
4.1 E-1 2 
4.OE-12 
4.OE-12 

4.0 
3.6 
4.0 
3.6 
4.1 
3.5 
3.8 
3.4 
3.4 
3.7 
3.7 
3.5 
3.4 
3.4 
3.7 
3.5 
3.6 
3.4 
3.3 
3.5 
3.3 
3.3 
3.4 
3.5 
3.3 
3.4 
3.5 
3.6 
3.5 
3.1 
3.3 
3.2 
3.4 
3.5 . 
3.2 
3.4 
3.7 

~~ ~~ 

Vegetable Ingestion 
GM (Svlyear) GSD 

1.2E-14 
4.3E-13 
4.8E-13 
1.6E-12 
l . lE-10 
2.OE-11 
1 .OE-1 1 
9.1 E-1 2 
1 .OE-1 1 
2.2E-11 
2.5E-11 
1.9E-11 
4.7E-11 
2.5E-12 
3.3E-12 
3.8E-12 
1 .OE-1 1 
3.3E-12 
9.1 E-1 3 
7.7E-13 
7.9E-13 
8.4E-12 
1.4E-12 
3.2E-13 

. 3.2E-13 
3.1E-13 
3.3E-13 
4.4E-13 
4.2E-13 
5.3E-13 
1.1 E-1 2 
1.1 E-1 2 
4.OE-13 
8.2E-13 
5.3E-13 

3.9E-13 
4.2E-13 

3.3 
3.2 
3.1 
3.5 
3.5 
3.2 
3.0 
3.2 
3.2 
3.1 
3.3 
3.2 
3.4 
3.2 
3.2 
3.1 
3.1 
3.0 
2.8 
2.9 
2.6 
3.0 
2.9 
3.0 
3.2 
3.1 
3.0 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
2.7 
2.9 
2.9 
3.2 

NOTES: 
1) E-01 is the same as the velue divided by 10'; E-02 is the seme as the value divided by lW; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM (Svlyeer) GSD 

7.OE-17 
2.6E-15 
5.9E-15 
1.5E-14 
5.6E-13 
7.5E-13 
8.9E-13 
8.6E-13 
l . lE-12 
1.2E-12 
1.3E-12 
1.5E-12 
1.8E-12 
2.OE-12 
2.1 E-12 
2.OE-12 
2.1 E-1 2 
2.1 E-1 2 
2.3E-12 
2.3E-12 
2.2512 
2.5E-12 
2.5E-12 
2.6E-12 
2.6E-12 
2.5E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.7E-12 
2.7E-12 
2.9E-12 
2.8E-12 
2.8E-12 
2.7E-12 
2.9E-12 
2.8E-12 

2.5 
2.5 
2.4 
2.4 
2.4 
2.5 
2.3 
2.4 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.1 
2.2 
2.3 
2.2 
2.2 
2.1 
2.1 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 
2.1 
2.2 
2.1 
2.2 

Immersion 
GM (Svlyearl GSD 

1.7E-20 
S.SE- 19 
5.8E-19 
1.9E-18 
1.3E-16 
2.6E-17 
1.2E-17 
9.8E-18 
1.2E-17 
2.5E-17 
3.1E-17 
2.3E-17 
6.7E-17 
2.4E-18 
3.4E-18 
4.OE-18 
1.2E-17 
3.OE-18 
6.9E-19 
6.OE-19 
6.OE- 19 
9.9E-18 
1.OE-18 
4.OE-20 
4.1 E-20 
3.OE-20 
6.5E-20 
1.2E-19 
8.6E-20 
1.9E-19 
7.8E-19 
8.OE-19 
9.3E-20 
4.1 E-1 9 
1.5E-19 
9.2E-20 
4.9E-20 

2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.5 
2.3 
2.2 
2.3 
2.3 
2.2 
2.4 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
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Pmthw.r-SpedRc Dosea AaroCteted wlth Rwt lne Ahbome Release of Ameddum-241 (conttnuedl 
sectw 10 
(1953 - 1989) - 

Year - 
1953 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1984 
1985 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1961 
1982 
1963 
1964 
1985 
1986 
1987 
1988 
1989 - 

Wheat Ingestion 
GM (Sv/yeer) GSD 

5.2E-18 
2.OE-16 
4.2E-18 
l.lE-15 
4.4E-14 
5.2E-14 
8.3E-14 
6.9E-14 
7.9E-14 
9.OE-14 
1.1 E-1 3 
1.1E-13 
1.4E-13 
1.3E-13 
1.3E-13 
1.6513 
1.5E-13 
1.5E-13 
1.5E-13 
1.7E-13 
1.7513 
1.8E-13 
1.9E-13 
1.M-13 
1.7E-13 
1.8E-13 
1.9E-13 
1 BE-1 3 
2.1E-13 
1.951 3 
1 .6E-l3 
1.8E-13 
2.OE-13 
2.OE-13 
2.1E-13 
1.9E-13 
2.2E-13 

4.2 
3.7 
3.8 
3.9 
3.8 
3.9 
3.6 
3.5 
3.9 
3.6 
3.7 
3.7 
3.5 
3.7 
3.5 
3.5 
3.8 
3.6 
3.4 
3.7 
3.4 
3.7 
3.8 
3.5 
3.7 
3.8 
3.7 
3.3 
3.3 
3.4 
3.5 
3.5 
3.5 
3.5 
3.7 
3.6 
3.6 

Milk Ingestion 
GM (Svlyear) GSD 

3.5518 
1.2E-16 
1.8E-16 
4.8E-18 
3.1 E-14 
8.5€;15 
5.1E-15 
5.8E-15 
6.2E-15 
9.4E-15 
1.2E-14 
1.1 E-14 
1.9E-14 
5.OE-15 
8.6E-15 
6.4E-15 
8.5E-15 
7.5E-15 
5.7515 
5.8E-15 
8.2E-15 
8.8E-15 
6.4E-15 
6.1 E-1 5 
6.2E-15 
6.2E-15 
7.1 E-15 
6.9E-15 
7.2E-15 
6.4E-15 
7.OE-15 
7.4E-15 
6.4E-15 
6.1515 
6.8E-15 
7.2E-15 
7.3E-15 

4.9 
4.6 
5.1 
4.8 
4.9 
4.3 
4.2 
3.9 
4.1 
4.2 
4.1 
4.1 
4.6 
3.9 
4.5 
4.1 
4.4 
4.1 
4.2 
4.3 
4.5 
4.3 
4.4 
4.3 
4.3 
4.6 
4.4 
4.6 
4.8 
4.6 
4.2 
4.0 
4.4 
4.6 

4.1 
4.1 

4.4 

Beef Ingestion 
GM (Svlyear) GSD 

2.5E-17 
9.6E-16 
1 .OE-15 
3.3E-15 
2.5E-13 
6.3E-14 
3.7E-14 
3.6E-14 
4.5E-14 
7.8E-14 
9.6E-14 
8.1 E-1 4 
1.4E-13 
3.9E-14 
4.3E-14 
4.6E-14 
6.8E-14 
5.1E-14 
3.9E-14 
3.9E-14 
4.OE-14 
7.OE-14 
4.6E-14 
4.2E-14 
4.4E-14 
4.4E-14 
4.7514 

4.8E-14 

5.4E-14 

4.3E-14 

5.OE-14 

4.5E-14 
4.5E-14 
5.1 E-14 
4.4E-14 
4.7E-14 
4.7E-14 

4.4 
4.6 
3.8 
4.7 
4.4 
4.3 
3.9 
3.6 
3.6 
4.2 
3.9 
3.7 
3.9 
3.8 
4.0 
3.6 
3.7 
3.9 
4.0 
3.9 
4.1 
4.0 
4.2 
4.1 
4.1 
4.2 
4.2 
4.2 
4.0 
4.0 
4.3 
4.1 
4.3 
4.0 
4.3 
4.0 
4.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv Sievert; 1 Sv = 1 0 0  rem 

AM-1 0.Xl.S 2 o! 2 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

2.4E-16 
9.1E-15 
2.OE-14 
4.9514 
1.8E-12 
2.6E-12 
2.9E-12 
3.1E-12 
3.4E-12 
3.9E-12 
4.9E-12 
4.9E-12 
6.W-12 
6.5512 
7.OE-12 
7.OE-12 
6.7E-12 
7.6E-12 
7.2E-12 
7.8E-12 
8.OE-12 
8.5E-12 
8.7E-12 
8.7E-12 
8.3E-12 
6.7E-12 
9.76-12 
6.5E-12 
9.3E-12 
9.2E-12 
9.3E-12 
9.2E-12 
9.4E-12 
9.1E-12 
9.4E-12 
9.4E-12 
9.7E-12 

2.9 
3.0 
3.0 
2.9 
3.0 
2.9 
2.7 
2.9 
2.9 
3.1 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.8 
2.7 
2.6 
2.7 
2.7 
2.7 
2.7 
2.8 
2.7 
2.6 
2.9 
2.8 
2.7 
2.7 
2.7 
2.6 
2.7 
2.6 
2.7 
2.6 
2.7 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

4.0E-24 
1.5E-22 
3.2E-22 
8.2E-22 
3.1 E-20 
4.2E-20 
4.9E-20 
5.OE-20 
5.4E-20 
8.5E-20 
8.1 E-20 
8.1 E-20 
1.1E-19 
1.1E-19 
l . lE-19 
1.2E-19 
1.1E-19 
1.2E-19 
1.2519 
1.3519 
1.3E-19 
1.5E-19 
1.4519 
1.4E-19 
1.4E-19 
1.5E-19 
1.8E-19 
1.4E-19 
1.M-19 
1.8E-19 
1.8E-19 
1.6E-19 
1.6E-19 
1.5E-19 

' 1.5E-19 
1.5E-19 
1.6E-19 

3.0 
3.1 
3.0 
2.9 
3.1 
2.9 
2.8 
2.9 
2.9 
3.0 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.7 
2.5 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.7 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.6 
2.8 
2.7 
2.7 

Total Dose 
GM (Svlyearl GSD 

1.OE-12 
3.4E-11 
3.7E-11 
1.2E-10 
7.9E-09 
1.6E-09 
7.4E-10 
6.4E-10 
7.M-10 
1 .8E-09 
1.9E-09 
1.4E-09 
3.8E-09 
1.8E-10 
2.4E-10 
2.7E-10 
7.4E-10 
2.2E-10 
6.9E-11 
6.451 1 
6.4E-11 
6.2E- 10 
9.5E-11 
2.4E-11 
2.3E-11 
2.2E-11 
2.6E-11 
2.9E-11 
2.8E-11 

* 3.6E-11 
7.5E-11 
7.6E-11 
2.9E-11 
5.1E-11 
3.3E-11 
3.OE-11 
2.7E-11 

2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.1 
2.2 
2.3 
2.2 
2.1 
2.1 
2.2 
2.1 
2.1 
2.1 
2.3 
2.1 
1.9 
1.8 
1.9 
2.1 
2.0 
1.9 
1.9 
1.9 
2.0 
1.8 
1.9 
1.8 
1.8 
1.9 
1 .8 
1.8 
1 .8 
1.8 
1.9 



Pathrrsy-SpdRc DOMI Assodaed with Routine Alrbom Rdeese of Amerklum-241 
seaof 11 
(1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1967 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

9.9E-13 
3.1E-11 
3.2E-11 
1.OE-10 
7.3E-09 
1.4509 
6.7E-10 
6.9E-10 
7.4E-10 
1.4E-09 
1.8E-09 
1.3E-09 
3.lE-09 
1.6E-10 
2.OE-10 
2.4E-10 
6.7E-10 
1.9E-10 
3.4E-11 
2.8E-11 
2.7E-11 
5.1E-10 
5.7E-11 
2.3E-12 
2.3E-12 
1.7E-12 
3.1 E-12 
6.8E-12 
4.8E-12 
1.lE-11 
4.7E-11 
4.451 1 
6.4E-12 
2.6E-11 
9.2E-12 
5.3E-12 
2.9E-12 

2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.1 
2.1 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.4 
-2.3 
2.2 
2.3 
2.2 
2.2 
2.2 

Soil Ingestion 
GM (Svlyear) GSD 

8.6E-17 
3.5E-15 
8.5E-15 
2.1 E-14 
8.2E- 13 
9.6E-13 
1.OE-12 
1.2E-12 
1.4E-12 
1.751 2 
2.OE-12 
2.1 E-1 2 
2.4E-12 
2.5E-12 
2.7E-12 
2.9E-12 
2.7E-12 
2.8E-12 
2.9E-12 
2.8E-12 
2.9E-12 
3.3E-12 
3.2E-12 
3.3512 
3.OE-12 
3.4E-12 
3.4E-12 
3.7E-12 
3.8E-12 
3.6E-12 
3.8E-12 
3.7E-12 
4.OE-12 
3.9E-12 
3.8E-12 
3.8E-12 
3.8E-12 

3.9 
3.8 
3.3 
3.4 
4.3 
3.8 
3.5 
3.8 
3.6 
3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.5 
3.4 
3.7 
3.5 
3.6 

3.4 
3.2 
4.0 
3.4 
3.7 
3.6 
3.3 
3.3 
3.4 
3.3 
3.4 
3.4 
3.3 
3.4 
3.5 
3.7 

3.6 

Vegetable Ingestion 
GM (Svlyearl GSD 

1.3E-14 
4.OE- 13 
4.3E-13 
1.5E-12 
9.3E-11 
2.OE-11 
9.1 E-1 2 
8.7E-12 
1 .OE-1 1 
2.OE-11 
2.5E-11 
1.9E-11 
4.2E-11 
2.6E-12 
3.2E-12 
3.6E-12 
9.5E-12 
3.1 E-1 2 
8.2E-13 
7.8E-13 
7.3E-13 
7.9E-12 
1.3E-12 
3.3313 
3.2E-13 
3.OE-13 
3.6E-13 
4.1 E-1 3 
3.9E-13 
5.OE-13 
l . lE-12 
1.1E-12 
3.9E-13, 
7.3E-13 
4.7E-13 
4.2E-13 
3.7E-13 

3.3 
3.3 
3.2 
3.2 
3.4 
3.3 
3.1 
3.1 
3.3 
3.4 
3.1 
3.3 
3.6 
3.0 
2.9 
3.0 
3.0 
2.9 
2.8 
2.8 
2.8 
3.1 
2.8 
3.2 
2.9 
3.3 
3.0 
2.9 
2.8 
2.8 
3.0 
2.8 
2.7 
2.8 
2.9 
2.8 
2.9 

NOTES: 
1 I € 4 1  Is the same 81 the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM (Svlyear) GSD 

7.4E-17 
2.5E-15 
5.4E-15 
1.4E-14 
5.7E-13 
7.1 E-1 3 
7.5E-13 
9.4E-13 
9.3513 
1.1E-12 
1.3E-12 
1.4E-12 
1 .BE-1 2 
1.8E-12 
1.9E-12 
1 .BE-1 2 
2.OE-12 
2.2E-12 
2.1E-12 
2.1E-12 
2.2E-12 
2.3E-12 
2.5E-12 
2.4E-12 
2.5E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.6E-12 
2.6E-12 
2.4E-12 
2.6E-12 
2.8E-12 
2.5E-12 
2.8E-12 
2.6E-12 
2.8E-12 

2.4 
2.6 
2.3 
2.4 
2.5 
2.4 
2.3 
2.4 
2.3 
2.2 
2.2 
2.1 
2.3 
2.2 
2.3 
2.1 
2.1 
2.1 
2.2 
2.2 
2.1 
2.1 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.1 
2.0 
2.2 
2.1 
2.1 
2.2 
2.0 
2.2 

Immersion 
GM (Svlyear) GSD 

1.6E-20 
5.4E-19 
5.5E-19 
1.8E-18 
1.2E-16 
2.4E-17 
l . lE-17 
9.8E-18 
1.251 7 
2.4E-17 
2.9E-17 
2.2E-17 
5.2E-17 
2.6E-18 
3.3E- 18 
4.OE-18 
l . lE-17 
3.1 E-1 8 
6.M-19 
4.7E-19 
4.6E-19 
8.6E-18 
9.4E-19 
3.8E-20 
3.9520 
2.8E-20 
5.2E-20 
1.1 E-1 9 
8.OE-20 
1.9E-19 
7.5E-19 
7.3E-19 
8.8E-20 
4.1 E-1 9 
1.5E-19 
8.7E-20 
4.7E-20 

2.2 
2.3 
2.3 

2.4 I 

2.3 ' 
2.3 ' 
2.3 

2.3 
2.3 ' 
2.2 
2.3 ' 
2.3 1 
2.4 I 

2.3 
2.3 I 
2.4 I 
2.3 I 
2.3l 
2.3) 
2.3 

2.41 

2.3' 
2.31 

2.2 , 
2.2 1 
2.2 ' 

2.2 1 

2.2 I 

I 2.2 1 

2.2 I 

2.2) 

2.21 

2.2, 
2.2, 

I 
2.3 

- c  

c 1 . .  I ' I .  
. _.. . .  . 



Psthwmy-Spedfk Dosss Ansodated wkh R o d n o  Alrbome Release of Amedclum-241 Icontlnwdl 
Sector 11 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM [Svlyearl , GSD 

5.OE-18 4.2 
1.9E-16 3.7 
3.9E.16 3.9 
1.1E-15 3.6 
3.8E-14 3.7 
4.5514 3.6 
6.6E-14 3.6 
6.5E-14 3.9 
6.8E- 14 3.6 
8.OE-14 3.5 
9.6E-14 3.7 
l . lE-13 3.6 
1.3E-13 3.5 
1.3E-13 3.5 
1.6E-13 3.7 
1.3E-13 3.7 
1.5513 3.5 
1.M-13 3.5 
1.5E-13 3.5 
1.7E-13 3.7 
1.N-13 3.5 
1.5E-13 3.4 
1.7E-13 3.5 
1.7E-13 3.7 
1.8E-13 3.3 
1.7E-13 3.8 
1.8E-13 3.4 
1.8513 3.4 

1.8513 3.7 
2.2E-13 3.5 
1.9513 3.4 
1.9E-13 3.4 
1.8E-13 3.4 
1.9513 3.4 
2.OE-13 3.5 
2.1 E-13 3.3 

1.8E-13, 3.5 

Milk Ingestion 
GM lSv/yearl GSD 

3.9E-18 4.9 
1.2E-16 4.4 
1.4E-16 4.6 
4.5E-16 4.4 
2.9E-14 4.6 
8.4E-15 4.6 
5.6E-15 4.1 
6.7E-15 4.2 
6.051 5 4.1 
9.4E-15 4.5 
1.2E-14 4.2 
9.OE-15 4.4 
2.OE-14 4.2 
5.7E-15 4.3 
5.9E-15 4.3 
5.951 5 4.1 
9.6515 4.1 
7.2E-15 4.1 
5.2E-15 4.4 
5.3515 4.3 
5.6E-15 4.4 
9.4E-15 3.9 
6.2E.15 4.0 
6.2E-15 4.6 
5.3E-15 4.6 
6.1 E-1 5 4.2 
6.3515 4.6 
6.8E-15 4.5 
6.3E-15 4.0 
6.9E-15 4.6 
8.2E-15 4.1 
8.7515 4.5 
6.8E-15 4.6 
6.7E-15 4.7 
6.3E-15 4.2 
6.2E-15 4.5 
5.4E-15 4.2 

Beef Ingestion 
GM 1Sv/yearl GSD 

2.7E-17 4.5 
9.0516 . 4.4 
1 .OE-15 4.5 
3.3E-15 4.0 
2.OE-13 4.5 

3.8 6.1 E-1 4 
4.1 E-14 4.2 
4.OE- 14 3.5 
4.5E-14 3.7 
6.9E-14 3.8 
8.9E-14 4.0 
6.9E-14 3.5 
1 .3E-1 3 4.1 
4.OE-14 3.6 
4.4E-14 3.9 
4.8E-14 3.7 

3.7 6.1E-14 
4.7E-14 3.5 
3.8E-14 4.2 
4.OE-14 4.1 
3.9E-14 4.0 
6.6E-14 3.8 
4.4E-14 4.0 
4.OE-14 4.2 
3.6E-14 4.2 
4.OE-14 4.2 
4.2E-14 4.4 
3.9E-14 4.1 
4.4E-14 3.8 
4.8E-14 4.1 
4.3E-14 4.0 

5.OE-14 4.2 
4.56-14 4.2 
4.6E-14 3.9 
4.9E-14 4.4 
4.4E-14 4.3 

4.5E-14 3.6 

Inhalation of 
Resuspended Particulates 
GM ISv/yearI GSD 

2.4E-16 3.0 
7.8E-15 3.0 
1.9E-14 2.9 
4.9E-14 2.6 
1.9E-12 3.4 
2.3E-12 2.9 
2.7E-12 3.1 
3.OE-12 2.8 
3.3E-12 3.0 
4.OE-12 2.9 
5.OE-12 2.7 
5.OE-12 2.7 
6.1 E-1 2 2.7 
6.2E-12 2.8 
6.4E-12 2.8 
6.8E-12 2.7 
7.4E-12 2.7 
7.6E-12 2.7 
7.3E-12 2.8 
7.OE-12 2.8 
7.2E-12 2.6 
7.6E-12 2.7 
7.8E-12 2.6 
8.1 E-12 2.7 
7.8E-12 2.7 
8.4E-12 2.6 
8.3E-12 2.8 
8.3E-12 2.6 
8.7E-12 2.8 
8.5E-12 2.8 
8.6E-12 2.8 
9.5E-12 2.7 
9.3E-12 2.6 
9.2E-12 2.6 
9.1E-12 . 2.6 
9.7E-12 2.8 
9.6E-12 2.7 

Immersion in 
Resuspended Particulates 
GM ISvlyearI GSD 

4.0E-24 3.0 
1.3E-22 3.1 
3.3E-22 2.8 
8.3E-22 2.6 
3.1 E-20 3.5 
3.8E-20 2.9 
4.4E-20 3.1 
5.OE-20 2.8 
5.4E-20 2.9 
6.7E-20 2.9 
8.1 E-20 2.8 
8.1 E-20 2.7 
1.OE-19 2.8 
9.96-20 2.9 
1.1 E-1 9 2.7 
1.2E-19 2.7 
1.2E-19 2.7 
1.3E-19 2.7 
1.2E-19 2.8 
1.2E-19 2.8 
1.2E-19 2.6 
1.3E-19 2.7 
1.3E-19 2.6 
1.4E-19 2.8 
1.3E-19 2.7 
1.3E-19 2.7 
1.4E-19 . 2.7 
1.4E-19 2.8 
1.5E-19 2.8 
1.4E-19 2.8 
1.4E-19 2.7 
1.6E-19 2.7 
1.5E-19 2.7 
1.5519 2.6 
1.5E-19 2.7 
1.6E-19 2.8 
1.5E-19 2.7 

NOTES: 
1) E-01 is the name as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Total Dose 
GM (Svlyear) GSD 

1.051 2 2.2 
3.2E-11 2.2 
3.3E-11 2.3 
l . lE-10 2.2 
7.4E-09 2.3 
1.5E-09 2.3 
7.OE- 10 2.2 
6.1E-10 2.2 
7.7E-10 2.3 
1.5E-09 2.2 
1.9509 2.3 
1.4E-09 2.3 
3.2E-09 2.3 
1.9E-10 2.1 
2.2E-10 2 .o 
2.6E-10 2.0 
7.1E-10 2.2 
2.2E-10 2.1 
5.7E-11 1.9 
5.1E-11 1.9 
4.9E-11 1.8 
5 . 6 1 0  2.2 
8.2E-11 1.9 
2.2E-11 2.0 
2.1E-11 1.9 
2.1E-11 1.9 
2.4E-11 1.9 
2.8E-11 1 .a 
2.7E-11 1.8 
314E-11 1.8 
7.5E-11 2 .o 
7.2E-11 1.9 
2.9E-11 1.8 
6.1 E-1 1 1.8 
3.3E-11 1.8 
2.9E-11 1.9 
2.6E-11 1.9 



Year 

1953 
1954 
1965 
1956 
1957 
1958 
1959 
1960 
1961 
1982 
1983 
1984 
1985 
1966 
1967 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
G M  (Svlyear) .GSD 

3.2E-12 
1.OE-10 
l.lE-10 
3.4E-10 
2.4E-08 
4.8E-09 
2.2E-09 
1 .8E-09 
2.3E-09 
4.7509 
5.6E-09 
4.3E-09 
1 .OE-08 
6.OE-10 
8.3E-10 
7.7E-10 
2.1 E-09 
6.OE-10 
1.1E-10 
9.9E-11 
9.OE-11 
1.9E-09 
2.OE-10 
7.7E-12 
7.4E-12 
5.7E-12 
1 . 1 E - 1 1  
2.2E-11 
1.M-11 
3.9E-11 
1.5E-10 
1.5E-10 
1.8E-11 
8.7E-11 
2.951 1 
1 .BE-l 1 
9.7E-12 

2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.4 
2.2 
2.2 
2.3 
2.3 
2.1 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.4 
1.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 

Soil Ingestion 
GM (Sv/year) GSD 

3.4E-16 
l.lE-14 
2.N-14 
5.9E-14 
2.6E-12 
3.4E-12 
3.7E-12 
4.2E-12 
5.OE-12 
5.6E-12 
5.8E-12 
7.OE-12 
8.5E-12 
8.5E-12 
8.5E-12 
8.9E-12 
9.8E-12 
8.9E-12 
1 .OE-1 1 
1 . l E - 1 1  
1.lE-11 
1.2E-11 
1 . 1 E - 1 1  
1.lE-11 
1.2E-11 
1.2E-11 
1.2E-11 
1 . 1 E - 1 1  
1.2E-11 
1.2E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.2E-11 
1 .ZE-ll 
1.3511 
1.3E-11 

3.7 
3.9 
3.6 
3.8 
3.9 
3.7 
3.4 
3.3 
3.4 
3.6 
3.2 
3.6 
3.6 
3.4 
3.3 
3.4 
3.4 
3.7 
3.5 
3.5 
3.4 
3.4 
3.4 
3.6 
3.3 
3.2 
3.6 
3.7 
3.7 
3.4 
3.2 
3.6 
3.3 
3.4 
3.3 
3.3 
3.4 

Vegetable Ingestion 
GM (Svlyear) GSD 

4.1E-14 
1.2E-12 
1.M-12 
4.9E-12 
3.5E-10 
6.7E-11 
3.1E-11 
2.4E-11 
3.6E-11 
6.9E-11 
7.151 1 
6.1E-11 
1.4E-10 
7.6E-12 
1 .OE-ll 
1 . 1 5 1  1 
3.1E-11 
9.8E-12 
3.1E-12 
2.6E-12 
2.6E-12 
2.8E-11 
4.1E-12 
9.751 3 
l.lE-12 
1 . 1  E-1 2 
1.2E-12 
1.3E-12 
1.3E-12 
1.7E-12 
3.8E-12 
3:3E-12 
1.4E-12 
2.M-12 
1.6E-12 
1.3E-12 
1.1E-12 

3.4 
3.3 
3.5 
3.5 
3.2 
3.3 
3.1 
3.3 
3.2 
3.1 
3.2 
3.1 
3.4 
3.0 
3.0 
3.0 
3.1 
2.8 
2.8 
2.9 
2.9 
3.3 
3.0 
3.4 
3.0 . 
3.2 
3.0 
2.8 
2.9 
2.9 
2.5 
2.7 
2.8 
2.8 
2.8 
3.1 
2.9 

NOTES: 
1) E-01 la the same aa the value divided by 10'; E-02 is the same as the value divided by 1 0 :  etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievett; 1 Sv = '  100 rem 

Ground Exposure 
GM (Svlyearl GSD 

2.3E-16 
7.8E-15 
1.8E-14 
4.6E-14 
1.7E-12 
2.4E-12 
2.7E-12 
2.9E-12 
3.3E-12 
3.8E-12 
4.6E-12 
4.9E-12 
6.1E-12 
8.1 E-1 2 
6.7E-12 
6.3E-12 
6.8E-12 
7.1E-12 
6.9E-12 
7.6E-12 
7.3E-12 
7.9E-12 
7.OE-12 
7.4E-12 
7.9E-12 
8.OE-12 
8.4E-12 
8.6E-12 
7.7E-12 
8.2E-12 
8.8E-12 
8.8E-12 
8.9E-12 
9.OE-12 
8.M-12 
8.5E-12 
8.8E-12 

2.6 
2.5 
2.4 
2.4 
2.5 
2.3 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.3 
2.1 
2.1 
2.0 
2.2 
2.2 
2.2 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 

Immersion 
G M  ISv/year) GSD 

6.2E-20 
1.7E-18 
1.9E-18 
6.5E-18 
4.OE-16 
8.OE-17 
3.6E-17 
2.9E-17 
4.OE-17 
7.6E-17 
9.OE-17 
7.5517 
1.7E-18 
8.5E-18 
1.OE-17 
1.2E-17 
3.5E-17 
9.4E-18 
1.9E-18 
1.6E-18 
1.5518 
3.2E-17 
3.3E-18 
1.3E-19 
1.2E-19 
9.3E-20 
1.9E-19 
3.6E-19 
2.M-19 
6.5E-19 
2.6E-18 
2.4E-18 
2.9E-19 
1.5E-18 
4.8E-19 
3.OE-19 
1.6E-19 

2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.4 
2.4 
2.2 
2.3 
2.2 
2.4 
2.2 
2.2 
2.3 
2.3 
2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 

I 

j 

I 
I 

i 

i 

I 
I 

I 

I 
I 

i 
i 

i 
i 
i 
I 

I 
i 
I 
~ 

I 

I 

I 

I 
I 
I 
I 
I 
i 
I 

i 

I 
I 

I 
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Pathwsy-SpedRc Dose8 As8ocbtad with Routlne Ahborne R & M ~  of Amellclum-241 (continued) 
sector 12 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1967 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1966 
1987 
1988 
1989 

Wheat ingestion 
GM ISvlyear) GSD 

1.6E-17 
6.2E-16 
1.3E-16 
3.6E-15 
1.3E-13 
1.M-13 
1.8E-13 
2.OE-13 
2.5E-13 
2.5E-13 
3.1 E-1 3 
3.9E-13 
4.5E-13 
4.9E-13 
4.7E-13 
4.M-13 
4 . 6 1 3  
5.4E-13 
5.6E-13 
.6.4E-13 
6.1 E-13 
6.1E-13 
5.W-13 
5.5E-13 
8.8E-13 
6.OE-13 
5.6E-13 
6.8E-13 
6.OE-13 
6.1E-13 
6.9Ey13 
6.3E-13 
6.7E-13 
6.4E-13 
6.7E-13 
6.2E-13 
6.2E-13 

3.9 
3.7 
3.9 
3.9 
4.0 
3.7 
3.8 
3.7 
3.6 
3.4 
3.6 
4.0 
3.6 
3.5 
3.6 
3.8 
3.7 
3.4 
3.6 
3.4 
3.8 
3.6 
3.6 
3.6 
3.5 
3.4 
3.6 
3.5 
3.6 
3.4 
3.4 
3.3 
3.4 
3.5 
3.4 
3.6 
3.2 

Milk Ingestion 
GM (Svlyear) GSD 

1.2E-17 I 

3.8E-16 
4.951 6 
1.5E-15 
9.9E-14 
2.6E-14 
1.7E-14 
1.8E-14 
2.OE- 14 
3.OE-14 
3.3E-14 
3.4E-14 , 
5.6E-14 
1.9E-14 
2.OE-14 
2.OE-14 
2.7514 
2.3E-14 
2.1 E:l4 
2.1 E-1 4 
1.9E-14 
3.OE-14 
2.2E- 14 
1.9E-14 
1.9E-14 
2.1 E-1 4 
1.9E-14 
2.2E-14 
2.1E-14 
2.2E-14 
2.OE- 14 
2.3E- 14 
2.2E-14 
2.2E-14 
1.9E-14 
2.2E-14 
2.1 E-1 4 

5.1 
4.5 
4.6 
5.1 
4.7 
4.5 
4.2 
4.0 
4.0 
4.1 
4.0 
4.2 
4.3 
4.2 
4.1 
4.1 
4.0 
4.4 
4.5 
3.9 
4.1 
4.0 
4.2 
4.1 
4.4 
4.6 
4.1 
4.0 
4.2 
4.2 
4.4 
4.1 
4.1 
4.0 
4.6 
4.2 
4.1 

Beef Ingestion 
GM (Svlyearl GSD 

9.2517 
2.8E-15 
3.7E-15 
l . lE-14 
7.2E-13 
1.9E-13 
1.3E-13 
1.1 E-1 3 
1.4E-13 
2.3E-13 
2.7E-13 
2.5E-13 
4.7513 
1.3E-13 
1.3E-13 
1.5E-13 
2.OE-13 
1.6E-13 
1.2E-13 
1.3E-13 
1.3E-13 

1.4E-13 
2.2E-13 

1.2E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.5E-13 
1 s - 1 3  
1.451 3 
1.6E-13 
1.6E-13 
1.M-13 
1.M-13 
1.4E-13 
1.7513 
1.3513 

4.6 
4.7 
4.2 
4.5 
4.4 
4.1 
3.8 
3.8 
4.0 
3.8 
3.7 
3.6 
4.1 
4.0 
3.8 
3.8 
3.7 
3.9 
4.0 
3.9 
3.9 
3.9 
3.5 
4.2 
4.0 
4.0 
4.2 
4.4 
4.2 
3.6 
3.7 
4.3 
4.0 
4.1 
4.1 
4.1 
4.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = 'Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) sv = Sievert: 1 ~3 = 100 rem 
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Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

7.6E-16 
2.7E-14 
6.3E- 14 
1.4E-13 
6.3E-12 
6.1 E-1 2 
9.4E-12 
9.6E-12 
1 .OE-l1 
1.3E-11 
1.5E-11 
1.6E-11 
2.OE-11 
2.OE-11 
2.1E-11 
2.2E-11 
2.5E-11 
2.4E-11 
2.6E-11 
2.6E-11 
2.4E-11 
2.7E-11 
2.6E-11 
2.7E-11 
2.7E-11 
2.7E-11 
2.9E-11 
2.9E-11 
3.1E-11 
2.9E-11 
2.9E-11 
3.2E-11 
3.OE-11 
3.2E-11 
2.8E-11 
3.1E-11 
3.1E-11 

3.1 
3.0 
2.9 
2.8 
3.1 
2.8 
2.8 
2.8 
2.9 
2.7 
2.8 
2.9 
2.6 
2.8 
2.6 
2.7 
2.7 
2.7 
2.8 
2.7 
2.7 
2.8 
2.7 
2.7 
2.7 
2.5 
2.7 
2.8 
2.8 
2.7 
2.7 
2.8 
2.7 
2.6 
2.7 
2.5 
2.6 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

1.3E-23 
4.4E-22 
1 .OE-21 
2.4E-21 
1.1 E-1 9 
1.3E-19 
1.5E-19 
1.M-19 
1.8E-19 
2.1E-19 
2.4E-19 
2.8E-19 
3.5E-19 
3.4E-19 
3.4E-19 
3.5E-19 
4.2E-19 
3.7E-19 
4.4E-19 
4.2E-19 
4.051 9 
4.4E-19 
4.3E-19 
4.4E-19 
4.4E-19 
4.5E-19 
4.9E-19 
4.7E-19 
6.OE-19 
4.9E-19 
4.9E-19 
5.2E-19 
5.OE-19 
5.3E-19 
4.7E-19 
5.2E-19 
5.OE-19 

3.1 
3.1 
2.9 
2.7 
3.2 
2.9 
2.6 
2.8 
2.9 
2.8 
2.8 
2.9 
2.7 
2.8 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.7 
2.8 
2.7 
2.6 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.6 
2.7 

~ 

Total Dose 
GM lSv/yeer) GSD 

3.2E-12 
1.1 E-1 0 
1.2E-10 
3.4510 
2.5E-08 
6.OE-09 
2.3509 
1.9E-09 
2.4 E-09 
4.8E-09 
5.7E-09 
4.4E-09 
1 .OE-08 
6.8E-10 
7.2E-10 
8.6E-10 
2.3E-09 
6.9E-10 
1.9E-10 
1.8E-10 
1.7E-10 
2.1E-09 
2.8E-10 
7.1511 
7.3E-11 
7.1E-11 
8.2E-11 
9.6E-11 
9.1E-11 
1.2E-10 
2.5E-10 
2.4E-10 
9.3E-11 
1.8E-10 
1.OE-10 
9.3E-11 
8.1E-11 

2.2 
2.3 
2.3 
2.3 
2.2 
2.1 
2.2 
2.2 
2.3 
2.2 
2.1 
2.2 
2.3 
2.0 
2.1 
2.0 
2.2 
2.1 
1 .e 
1.9 
1.9 
2.1 
1.9 
1.9 
1.9 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
1.9 
1.8 
1.9 
1.8 
1 .e 
1.9 



Pahwq-Spdfk Don8 Aa~odatd  rvfth Routlm Ahborn Rdease of h d d u m - 2 4 1  
Denver 
(1953 - 19891 

Yew 

1953 
1954 
1955 
1958 
1957 
1968 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1988 
1987 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Inhalation 
GM (Svlyear) GSD 

1.2E-12 
4.5E-11 
4.4E-11 
1.4E-10 
9.8E-09 
1.9E-09 
8.6E-10 
7.6E-10 
9.M-10 
1.9E-09 
2.2E-09 
1.7E-09 
4.1 E-09 
2.1E-10 
2.5E-10 
3.OE-10 
8.5E-10 
2.4E-10 
4.4E-11 
3.7E-11 
3.8E-11 
7.M-10 
8.1E-11 
3.OE-12 
2.9E-12 
2.1 E-1 2 
4.1 E-1 2 
8.9E-12 
6.2E-12 
1.5E-11 
6.1E-11 
5.9E-11 
7.331 2 
3.1E-11 
1.1E-11 
7.4E-12 
3.7E-12 

2.3 
2.3 
2.1 
2.2 
2.3 
2.2 
2.2 
2.1 
2.3 
2.3 
2.3 
2.1 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.4 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.4 
2.3 

~ ~ _ _ ~  

Soil Ingestion 
GM (Svlyear) GSD 

1.2E-16 
4.5E-15 
9.951 5 
2.5E-14 
9.3E-13 
1.2E-12 
1.5512 
1.6E-12 
1.8E-12 
2.1E-12 
2.651 2 
2.7E-12 
3.3E-12 
3.3E-12 
3.1E-12 
3.4E-12 
3.M-12 
3.7E-12 
4.OE-12 
4.3E-12 
4.2E-12 
4.1 E-1 2 
4.32-12 
4.5E-12 
4.6E-12 
4.451 2 
4.6E-12 
4.8E-12 
4.6E-12 
4.9E-12 
4.7E-12 
5.OE-12 
5.OE-12 
5.2E-12 
4.9E-12 
4.8E-12 
4.8E-12 

4.0 
3.7 
3.8 
3.7 
3.7 
3.9 
3.7 
3.8 
3.5 
3.7 
3.6 
3.2 
3.4 
3.5 
3.4 
3.8 
3.6 
3.6 
3.7 
3.4 
3.6 
3.7 
3.5 
3.5 
3.5 
3.5 
3.6 
3.3 
3.2 
3.4 
3.3 
3.3 
3.2 
3.4 
3.2 
3.4 
3.5 

Vegetable Ingestion 
GM (Svlyear) GSD 

1.7E-14 
6.6E-13 
5.9E-13 
2.OE-12 
1.4E-10 
2.7E-11 
1.3E-11 
1.lE-11 
1.3E-11 
2.6E-11 
3.OE-11 
2.4E-11 
5.7E-11 
3.1 E-1 2 
3.9E-12 
5.051 2 
1.3E-11 
4.1 E-12 
1.2E-12 
9.9E-13 
9.9E-13 
1.lE-11 
1.8E-12 
4.1 E-1 3 
3.9E-13 
4.OE-13 
4.451 3 
5.4E-13 
4.6513 
6.6E-13 
1.5E-12 
1.551 2 
5.3E-13 
1 .OF12 
6.3E-13 
5.4E-13 
4.5E-13 

3.5 
3.3 
3.2 
3.3 
3.2 
3.4 
3.3 
3.3 
3.2 
3.3 
3.6 
3.2 
3.2 
2.9 
3.0 
3.2 
3.2 
3.1 
2.8 
2.8 
2.8 
3.2 
2.9 
3.1 
3.3 
3.0 
3.2 
2.9 
3.0 
2.8 
2.9 
2.9 
3.0 
2.9 
2.8 
3.0 
3.0 

NOTES: 
1) E-01 is the name as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM ISv/year) GSD 

9.2E-17 
3.2E-15 
6.5E-15 
1.E-14 
7.1E-13 
1 .OE- 1 2 
l . lE-12 
1.2E-12 
1.3E-1 2 
1.4E-12 
1 .8E-l 2 
1.8E-12 
2.4E-12 
2.5E-12 
2.4E-12 
2.7E-12 
2.8E-12 
2.8E-1 2 
2.8E-12 
2.9E-12 
2.9E-12 
3.OE-12 
2.8E-12 
3.OE-12 
3.1E-12 
3.2E-12 
3.5E-12 
3.3E-12 
3.4E-12 
3.5E-12 
3.3E-12 
3.3E-12 
3.6E-12 
3.5E-12 
3.5E-12 
3.8E-12 
3.6E-12 

2.6 
2.5 
2.4 
2.4 
2.4 
2.5 
2.5 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 

. Immersion 
GM (Svlyear) GSD 

2.1 E-20 
7.3E-19 
7.3E-19 
2.4E-18 
1.M-18 
3.1E-17 
1.4E-17 
1.3E-17 
1.M-17 
3.OE-17 
3.4E-17 
2.9E-17 
7.OE-17 
3.4E-18 
4.3E-18 
4.9E-18 
1.4E-17 
4.1E-18 
7.6E-19 
8.1 E-1 9 
8.4E-19 
1.3E-17 
1.4E-18 
6.OE-20 
4.9E-20 
3.3E-20 
8.7E-20 
1.6E-19 
1.OE-19 
2.5E-19 
9.9E-19 
9.8E-19 
1.2E-19 
5.4E-19 
1.8E-19 
1.2E-19 
6.OE-20 

2.3 
2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.1 
2.3 
2.4 
2.2 
2.1 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2.3 
2.3 
2.3 
2.5 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 

I 
I 

I 
i 
I 
I 

I 
I 
I 
I 

I 

I 
I 
I 
I 

i 
I 
i 

I 

I 

i 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

i 
I 

I 

i 
1 

1 

I 
I 

I 



Year 

1953 
1954 
1955 
1956 
1957 
1958 ' 

1969 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

7.6E-18 
2.7E-16 
6.1 E-1 6 
1.4516 
5.2E-14 
6.M-14 
7.6E-14 
6.1 E-1 4 
1.0513 
l.lE-13 
1.2E-13 
1.5E-13 
1.7E-13 
1.8E-13 
1.8E-13 
1.8E-13 
2.OE-13 
1 B E - 1  3 
2.1E-13 
2.OE-13 
2.OE-13 
2.3E-13 
2.5513 
2.2E-13 
2.2E-13 
2.3E-13 
2.4E-13 
2.3E-13 
2.4E-13 
2.4E-13 
2.3E-13 
2.6E-13 
2.5E-13 
2.6E-13 
2.6E-13 
2.6E-13 
2.6E-13 

4.2 
4.1 
3.7 
3.6 
3.9 
3.9 
3.7 
3.7 
3.7 
3.8 
4.0 
3.6 
3.7 
3.7 
3.5 
3.4 
3.6 
3.6 
3.4 
3.6 
3.6 
3.5 
3.6 
3.4 
3.6 
3.4 
3.6 
3.5 
3.6 
3.5 
3.6 
3.4 
3.6 
3.5 
3.6 
3.5 
3.5 

Milk Ingestion 
GM (Svlyeer) GSD 

5.3E-18 
1.8E-16 
1.9E-16 
6.2E-16 
4.3E-14 
l.lE-14 
6.2E-15 
6.8E-15 
7.7E-15 
1.3E-14 
1.4E-14 
1.3E-14 
2.2E-14 
6.5€-,15 
6.9E-16 
8.5E-15 
l.lE-14 
7.9E-15 
8.5E-15 
7.7E-15 
8.OE-15 
1.2E-14 
8.2E-15 
7.1 E-1 5 
7.651 5 
7.2E-15 
9.1E-15 
8.8E-15 
7.9E-16 
8.5516 
8.2E-15 
9.M-15 
8.6E-15 
8.5E-15 
7.8E-15 
8.8E-15 
9.5E-15 

4.5 
4.8 
4.5 
4.5 
4.6 
4.5 
3.9 
4.1 
4.3 
4.0 
4.4 
3.9 
4.5 
4.0 
4.2 
4.4 
4.0 
4.1 
4.5 
4.5 
4.4 
4.2 
4.4 
4.5 
4.3 
4.3 
4.7 
4.3 
4.4 
4.2 
4.4 
4.0 
4.7 
4.2 
4.2 
4.7 
4.8 

Beef Ingestion 
GM (Svlyear) GSD 

3.6E-17 
1.3E-15 
1.3E-15 
3.9E-15 
2.8E-13 
8.5E-14 
4.9E-14 
5.1E-14 
5.6E-14 
9.9E-14 
9.8E-14 
9.OE-14 
1.8E-13 
5.2E-14 
4.8514 
5.9E-14 
8.5E-14 
6.OE-14 
5.1E-14 
5.3E-14 
5.5E-14 
9.1E-14 
5.5E-14 
4.6E-14 
5.4E-14 
5.OE-14 
5.7E-14 
5.4E-14 
5.4E-14 

6.1E-14 
6.7E-14 

6.1E-14 
5.9E-14 
6.1 E-1  4 
6.OE-14 
6.2E-14 
5.9E-14 

4.4 
4.2 
4.2 
4.0 
3.9 
4.1 
3.9 
3.6 
3.8 
4.1 
3.9 
4.0 
3.8 
4.0 
3.9 
3.8 
3.5 
3.7 
3.7 
4.1 
4.1 
3.6 
4.0 
4.5 
4.3 
4.4 
4.1 
4.4 
3.8 
3.8 
3.7 
4.1 
4.0 
4.1 
3.9 
3.7 
4.0 

NOTES: 
1 )  E-01  is the same a8 the value divided by 10'; E-02 is the same as the value divided by 1V; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Devietlon 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

3.OE-16 
l.lE-14 
2.5E-14 
6.4E-14 
2.4E-12 
3.1E-12 
3.7E-12 
4.OE-12 
4.4E-12 
5.6E-12 
5.9E-12 
6.6E-12 
7.9E-12 
8.1 E-1 2 
8.2E-12 
8.3E-12 
8.8E-12 
9.3E-12 
8.7E-12 
1 .OE-1 1 
9.7E-12 
1 . 1 E - 1 1  
1.OE-11 
1.lE-11 
1 .OE-l 1 
1 . 1 E - 1 1  
1.251 1 
1.lE-11 
1.lE-11 
1.2E-11 
1.lE-11 
1.351 1 
1.2E-11 
1 .ZE-l 1 
1 . 1 E - 1 1  
1 .ZE-l 1 
1.2E.11 

3.2 
3.2 
3.1 
2.9 
3.1 
3.3 
3.0 
2.9 
2.9 
2.8 
3.0 
2.7 
2.7 
2.9 
2.9 
2.8 
2.9 
2.7 
2.7 
2.9 
2.7 
2.7 
2.7 
2.8 
2.6 
2.7 
2.7 
2.6 
2.6 
2.7 
2.8 
2.7 
2.7 
2.6 
2.7 
2.6 
2.7 

Immersion in 
Resuspended Particulates 
GM ISvlyearl GSD 

5.0E-24 
1.8E-22 
4.2E-22 
1.1E-21 
3.9E-20 
5.OE-20 
6.2E-20 
6.9E-20 
7.1E-20 
9.OE-20 
9.4E-20 
1 . 1  E-1 9 
1.4E-19 
1.4519 
1.4519 
1.4E-19 
1.6E-19 
1.M-19 
1.5E-19 
1.7E-19 
i.eE-19 
1.7E-19 
1.7E-19 
1.8E-19 
1.7E-19 
1.6519 
1.9E-19 
1.9E-19 
1.6E-19 
1.9E-19 
1.7E-19 
2.1E-19 
2.OE- 19 
2.OE-19 
1.8E-19 
1.9E-19 
1.9E-19 

3.2 
3.2 
3.0 
3.0 
3.1 
3.3 
3.1 
2.9 
2.9 
2.9 
3.1 
2.7 
2.7 
2.9 
2.9 
2.8 
2.9 
2.7 
2.7 
2.9 
2.7 
2.7 
2.6 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.7 
2.9 
2.8 
2.7 
2.6 
2.6 
2.8 
2.7 

Total Dose 
GM (Svlyeer) GSD 

1.3E-12 
4.651 1 
4.551 1 
1.5E-10 
1 .OE-08 
1.9E-09 
8.9E-10 
7 . 9 5  10 
1 .OE-09 
1.9E-09 
2.2E-09 
1.8E-09 
4.2E-09 
2.4E-10 
2.9E-10 
3.4E-10 
9.1 E-1 0 
2.8E-10 
7.3E-11 
6.8E-11 
6.8E-11 
8.2E. 10 
l.lE-10 
2.9E-11 
2.8E-11 
2.8E-11 
3.2E-11 
3.8E-11 
3.3E-11 
4.7E-11 
9.7E-11 
9.M-11 
3.7E-11 
6.6E-11 
4.OE-11 
3.8E-11 
3.3E-11 

2.3 
2.2 
2.1 
2.2 
2.3 
2.2 
2.2 
2.0 
2.2 
2.3 
2.3 
2.1 
2.2 
2.0 , 

2.1 
2.1 
2.2 
2.1 
1.9 
1.9 
1.8 
2.3 
1.9 
1.9 
1.9 
2.0 
1.9 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
1 .8 
1.9 



- 
Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1985 
1966 
1967 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Inhalation 
GM ISvlyearl GSD 

1.6E-12 2.3 
5.lE-11 2.2 
6.5E-11 2.2 
1.6E-10 2.2 
1.1 E-08 2.2 
2.3E-09 2.3 
1 .OE-09 2.2 
9.3E-10 2.3 
1.1E-09 2.3 
2.1E-09 2.3 
2.6E-09 2.3 
2.1 E-09 2.3 
6.1 E-09 2.3 
2.6E-10 2.3 
2.9E-10 2.3 
3.3E-10 2.2 
9.8E- 10 2.2 
2.M-10 2.2 
5.OE-11 2.4 
4.2E-11 2.2 
4.5E-11 2.4 
8.1E-10 2.2 
8.9E-11 2.2 
3.3E-12 2.3 
3.8E-12 2.3 
2.6E-12 2.4 
4.8E-12 2.2 
1 .OE-1 1 2.3 
7.9E-12 2.1 
1.8E-11 2.3 
6.9E-11 2.4 
6.9E-11 2.3 
8.9E-12 2.2 
3.9E-11 2.3 
1.4E-11 2.2 
8.1E-12 2.3 
4.6E-12 2.2 

Soil Ingestion 
GM (Svlyearl GSD 

1.6E-16 
5.4E-15 
1.2E-14 
2.8E-14 
1.2E-12 
1.6E-12 
1.9E-12 
1.951 2 
2.1 E-1 2 
2.5E-12 
2.8E-12 
3.OE-12 
3.651 2 
4.OE- 12 
4.OE-12 
4.9E-12 
4.4E-12 
4.5E-12 
4.3E-12 
4.4E-12 
5.OE-12 
5.2E-12 
5.OE-12 
4.9E-12 
5.051 2 
5.2E-12 
5.3E-12 
5.5512 
5.5E-12 
5.5E-12 
5.5E-12 
6.1E-12 
6.6E-12 
6.1E-12 
6.7E-12 
5.9E-12 
5.7E-12 

3.7 
3.3 
3.7 
3.6 
3.8 
3.8 
3.6 
3.7 
3.7 
3.4 
3.7 
3.5 
3.4 
3.3 
3.7 
3.6 
3.8 
3.5 
3.4 
3.6 
3.3 
3.5 
3.6 
3.3 
3.4 
3.3 
3.6 
3.3 
3.3 
3.6 
3.6 
3.4 
3.4 
3.6 
3.7 
3.7 
3.3 

Vegetable Ingestion 
GM (Svlyearl GSD 

2.2E-14 
6.4E-13 
7.4E-13 
2.1E-12 
1.5E-10 
3.3E-11 
1.4E-11 
1.4E-11 
1.5E-11 
3.2E-11 
3.4E-11 
2.9E-11 
6.7E-11 
4.OE-12 
4.7E-12 
5.8E-12 
1.4E-11 
4.2E-12 
1 .ZE- l2 
1.2E-12 
1.3E-12 
1.3E-11 
1.9E-12 
4.5E-13 
5.1E-13 
4.5E-13 
5.4E-13 
6.2E-13 
6.3E-13 
8.5E-13 
1.7512 
1.7E-12 
6.2E-13 
1.251 2 
7.8E-13 
6.3E-13 
5.7E-13 

3.1 
3.4 
3.2 
3.3 
3.1 
3.5 
3.0 
3.4 
3.4 
3.2 
3.3 
3.4 
3.3 
3.3 
3.0 
3.2 
3.2 
3.0 
3.0 
2.7 
2.8 
3.0 
2.8 
3.3 
3.2 
3.1 
3.3 
2.9 
3.0 
2.9 
2.9 
3.0 
3.0 
2.8 
3.0 
2.9 
3.0 

NOTES: 
1) E-01 is the mme as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM (Svlyear) GSD 

1.1E-16 
3.8E-15 
8.2E-15 
2.3E-14 
8.9E-13 
l . lE-12 
1.3E-12 
1.4E-12 
1.5E-12 
1.6E-12 
2.1 E-12 
2.4E-12 
2.6E-12 
2.951 2 
2.9E-12 
3.OE-12 
3.OE-12 
3.4E-12 
3.5E-12 
3.7E-12 
3.5E-12 
3.4E-12 
3.7E-12 
3.6E-12 
3.6E-12 
3.9E-12 
4.OE-12 
4.OE-12 
3.9E-12 
4.1E-12 
3.9E-12 
4.OE-12 
4.OE-12 
4.OE-12 
4.2E-12 
4.4E-12 
4.1E-12 

2.4 
2.6 
2.3 
2.4 
2.5 
2.4 
2.5 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.1 
2.3 
2.1 
2.2 
2.1 

2.1 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.2 
2.1 
2.2 
2.2 
2.1 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 

2.1, 

Immersion 
GM ISv/yearl GSD 

2.5E-20 
6.5E-19 
9.2E-19 
2.7E-18 
1.8E-16 
3.8E-17 
1.7E-17 
1 .6E-l7 
1.8E-17 
3.5E-17 
4.3E-17 
3.4E-17 
8.2E-17 
4.2E-18 
4.7E-18 
6.5E-18 
1.7E-17 
4.4E-18 
8.3E-19 
7.OE-19 
7.5E-19 
1.3E-17 
1.5E-18 
5.4E-20 
6.4E-20 
4.2E-20 
8.OE-20 
1.7E-19 
1.3E-19 
3.OE-19 
1.1E-18 
1.1E-18 
1.4E-19 
6.5E-19 
2.2E-19 
1.3E-19 
7.7E-20 

2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.1 
2.4 
2.3 
2.3 
2.3 
2.3 
2.4 
2.3 
2.2 
2.2 
2.3 
2.2 
2.4 
2.2 
2.4 
2.2 
2.2 
2.3 
2.3 
2.4 
2.2 
2.2 
2.2 
2.3 
2.4 
2.2 
2.2 
2.3 
2.3 
2.4 
2.2 



Pathway-Spedfic Doset A s s ~ t d  whh Rodno Ahbome Rebase of Amarkhnn-241 kontlnuedl 
Lakewoad 
(1953 - 1989) 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1980 
1981 
1962 
1983 
1984 
1965 
1986 
1987 
1988 
1989 

~~~~ ~~ 

Wheat Ingestion 
GM (Sv/yea) GSD 

8.2E- 18 
2.5E-16 
6.4E-16 
1.5E-15 
5.2E-14 
8.1 E-1 4 
9.OE-14 
9.8E-14 
1 .OE-13 
1.3E-13 
1.4E-13 
1.6E-13 
2.1 E-1 3 
2.OE-13 
2.2E-13 
2.1 E-1 3 
2.1E-13 
2.5E-13 
2.4E-13 
2.6E-13 
2.4E-13 
2.5E-13 
2.6E-13 
2.6E-13 
2.8E-13 
2.7E-13 
3.OE-13 
2.6E-13 
3.OE-13 
2.8E-13 
3.2E-13 
2.9E-13 
2.8E-13 
3.1 E-1 3 
3.1E-13 
2.9E-13 
3.2E-13 

3.6 
4.2 
3.9 
3.7 
3.7 
3.8 
3.7 
3.7 
3.6 
3.6 
3.6 
3.5 
3.6 
3.5 
3.6 
3.5 
3.6 

3.5 
3.5 
3.5 
3.7 
3.5 
3.9 
3.7 
3.6 
3.8 
3.5 
3.5 
3.6 
3.4 
3.5 
3.4 
3.6 
3.7 
3.6 
3.5 

3.2 

Milk Ingestion 
GM (Sv/yearl GSD 

6.M-18 
1 .8E-l 6 
2.1 E-1 6 
8.9E-16 
4.1E-14 
1.4E-14 
7.8E-15 
8.OE-15 
9.6E-15 
1.5E-14 
1.7E-14 
1.5514 
2.7E-14 
9.8E-15 
9.3E-15 
1 . 1  E-14 
1.5E-14 
l.lE-14 
7.M-15 
7.7E-15 
6.9E-15 
1.4E-14 
1 .OE-14 
8.M-15 
8.9E-15 
9.1 E-1 5 
9.8E-15 
9.8E-15 
9.3E-15 
1.1E-14 
1.1E-14 
9.9E-15 
1.2E-14 
1.1E-14 
l.lE-14 
9.5E-15 
1.OE-14 

4.8 
4.9 
4.4 
4.3 
4.8 
4.3 
4.3 
4.2 
4.2 
4.1 
4.4 
4.3 
4.6 
4.4 
4.1 
4.2 
4.0 
4.2 
4.5 
4.4 
4.4 
4.3 
4.1 
4.1 
4.2 
4.4 
4.1 
4.4 
4.3 
4.6 
4.1 
4.2 
4.3 
4.7 
4.1 
4.5 
4.3 

Beef Ingestion 
GM (Svlyearl GSD 

4.4E-17 
1.4E-15 
1.8E-15 
4.8515 
3.3E-13 
9.4E-14 
5.8E-14 
5.6E-14 
6.2E-14 
1 . 1  E-1 3 
1.3E-13 
l . lE-13 
2.2E-13 
5.8E-14 
6.1 E-14 
6.6E-14 
9.7E-14 
7.4514 
5.9514 
6.1514 
6.OE-14 
1.OE-13 
7.2E-14 
6.2E- 14 
6.4E-14 
6.6E-14 
6.4E-14 
6.2E-14 
7.OE- 14 
7.OE- 14 
7.4E-14 
8.4E-14 
7.4E-14 
7.7E-14 
7.5E-14 
7.2E- 14 
6.7E- 14 

4.5 
4.3 
4.5 
4.0 
4.5 
4.0 
3.5 
4.0 
3.8 
3.9 
4.2 
4.1 
4.1 
3.7 
3.9.  
3.9 
3.8 
3.7 
4.0 
4.0 
4.0 
3.8 
3.0 
4.0 
4.1 
3.8 
3.9 
4.0 
4.2 
4.0 
3.9 
3.8 
4.1 
3.9 
4.4 
3.9 
4.2 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

4.OE- 16 
1.3514 
.2.9E-14 
7.6E-14 
2.7E-12 
3.7512 
3.9512 
5.OE-12 
5.5E-12 
6.OE-12 
6.7E-12 
7.3E-12 
9.8E-12 
9.9E.12 
1 .OE-1 1 
1.2E-I1 
1 . Z E - l l  
1 .OE-1 1 
1.lE-11 
1.lE-11 
1.2E-11 
1.3E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.5E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.4E-11 
1.5E-11 
1.4E-11 

3.1 
2.8 
2.9 
2.7 
3.0 
2.9 
3.0 
2.8 
3.0 
2.8 
2.7 
2.7 
2.8 
2.7 
2.6 
2.7 
2.6 
2.8 
2.6 
2.7 
2.8 
2.8 
2.6 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.0 
2.7 
2.7 
2.9 
2.8 
2.7 
2.8 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

6.4524 
2.1E-22 
4.8E-22 
1.2E-21 
4.4E-20 
6.2E-20 
6.6E-20 
8.5E-20 
9.2E-20 
1.051 9 
1 . 1  E-19 
1.2E-19 
1.6E-19 
1.6E-19 
1.7E-19 
1.9E-19 
2.1E-19 
1.8E-19 
1.7E-19 
1.8E-19 
2.1E-19 
2.1 E-1 9 
2.OE-19 
1.9E-19 
2.OE- 19 
2.2E- 19 
2.1E-19 
2.lE-19 
2.4E-19 
2.4E-19 
2.3E-19 
2.4519 
2.4E-19 
2.4E-19 
2.2E-19 
2.4E-19 
2.4E-19 

3.0 
2.9 
3.0 
2.8 
3.0 
2.9 
3.0 
2.8 
3.0 
2.8 
2.6 
2.7 
2.8 
2.8 
2.7 
2.8 
2.9 
2.8 
2.6 
2.7 
2.7 
2.9 
2.6 
2.8 
2.7 
2.7 
2.6 
2.6 
2.7 
2.8 
2.7 
2.8 
2.8 
2.6 
2.9 
2.7 
2.9 

Total Dose 
GM (Svlyeerl GSD 

1.6E-12 
5.3E-11 
5.6E-11 
1.7E-10 
1 .2E-08 
2.4E-09 
1 .OE-09 
9.7E-10 
1 . 1  E-09 
2.2E-09 
2.7E-09 
2.1E-09 
6.2E-09 
2.9E-10 
3.3E-10 
3.8E-10 
1 .OE-09 
3.OE-10 
8.3E-11 
7.551 1 
8.3E-11 
8.8E-10 
1.3E-10 
3.2E-11 
3.351 1 
3.3E-11 
3.M-11 
4.3E-11 
4.2E-11 
5.5E-11 
l.lE-10 
l . lE-10 
4.M-11 
8.1E-11 
5.1E-11 
4.5E-11 
3.8E-11 

2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.1 
2.1 
2.1 
2.1 
2.0 
1.9 
1.6 
1.9 
2.1 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1 .8 
1 .e 
2.0 
1.9 
1.8 
1.9 
1.8 
1.9 
1.9 

NOTES: 
1)  E-01 is the some os the value divided by 10'; E-02 is the same as the value dlvided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Year - 
1963 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyear) GSD 

5.4E-13 
1.9E-11 
1.9E-11 

4.3E-09 
8.9E- 10 
4.1 E-1 0 
3.7E-10 
4.2E-10 
8.8E-10 
l . lE-09 
8.4E-10 
1.9E-09 
9.2E-11 
1.1E-10 
1.3E-10 
4.OE-10 
1.1 E-10 
1.9E-11 
1 .BE71 1 
1.7E-11 
3.OE-10 
3.5E-11 

e m - i  1 

1.3E-12 
1.3512 
9.1E-13 
1.9E-12 
3.9E-12 
2.8E-12 
7.OE-12 
2.6E-11 
2.6E-11 
2.9E-12 
1.4E-11 
5.OE-12 
2.9E-12 
1.751 2 

2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.1 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.1 
2.1 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 

Soil Ingestion 
GM ISvlyear) GSD 

5.OE-17 
1.9E-15 
4.6E-15 
1.2E-14 
4.3E-13 
6.1E-13 
6.6E-13 
6.6E-13 
7.5E-13 
9.1E-13 
9.7E-13 
1.2E-12 
1.3E-12 
1.4E-12 
1.4E-12 
1.8E-12 
1.7E-12 
1 .8E-l2 
1.7E-12 
2.OE-12 
1.8E-12 
1.9E-12 
1.8E-12 
2.OE-12 
2.OE-12 
1.8E-12 
2.2E-12 
2.1E-12 
2.3E-12 
2.OE-12 
2.2E-12 
2.2E-12 
2.1 E-1 2 
2.2E-12 
2.1E-12 
2.3E-12 
2.2E-12 

4.0 
3.8 
3.5 
3.7 
3.8 
3.6 
3.5 
3.9 
3.9 
3.7 
3.9 
3.7 
3.4 
3.4 
3.6 
3.5 
3.4 
3.4 
3.4 
3.4 
4.0 
3.5 
3.5 
3.4 
3.5 
3.6 
3.3 
3.4 
3.3 
3.5 
3.6 
3.4 
3.3 
3.3 
3.5 
3.3 
3.4 

Vegetable Ingestion 
GM (Svlyear) GSD 

7.7E-15 
2.9E-13 
2.7E-13 
9.4E-13 
5.7E-11 
1.2E-11 
5.3E-12 
5.1 E-1 2 
6.3E-12 
1.2E-11 
1.5E-11 
1.lE-11 
2.M-11 
1.6E-12 
1.7E-12 
2.1E-12 
5.8E-12 
1.751 2 
4.8E-13 
4.4E-13 
4.7E-13 
4.451 2 
7.5E-13 
1.7513 
2.0513 
1.7E-13 
2.1 E-1 3 
2.4513 
2.4E-13 
3.2E-13 
6.2E-13 
6.7E-13 
2.5E-13 
4.3E-13 
2.8E-13 
2.5E-13 
1.9E-13 - 

3.3 
3.2 
3.3 
3.5 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.1 
3.2 
3.2 
3.2 
3.1 
3.3 
3.2 
3.2 
2.7 
2.8 
2.7 
3.1 
2.8 
3.3 
3.4 
3.4 
3.2 
2.9 
2.9 
2.9 
3.0 
2.7 
2.9 
2.9 
3.0 
3.0 
3.0 

NOTES 
1) E-01 is the aame as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

i 

1 of 2 

Ground Exposure 
GM ISvlyeer) GSD 

4.OE-17 
1.4E-16 
3.3E-15 
8.3E-15 
3.1E-13 
3.9E-13 
4.8E-13 
4.8E-13 
5.5E-13 
7.OE-13 
7.451 3 
9.2E-13 
1.OE-12 
1.1 E-1 2 
1.1 E-1 2 
l . lE-12 
l . lE-12 
1 .2E-l2 
1.3E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.4E-12 
1.4512 
1.4E-12 
1.5E-12 
1.5E-12 
1.4E-12 
1.6E-12 
1.4E-12 
1.6E-12 
1.M-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.6E-12 

2.6 
2.4 
2.6 
2.5 
2.6 
2.5 
2.4 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.1 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.1 
2.2 
2.0 
2.2 
2.2 
2.3 
2.2 
2.2 

Immersion 
GM (Svlyear) GSD 

9.2E-21 
3.2E-19 
3.2619 
l . lE-18 
7.2E-17 
1.4E-17 
6.8E-16 
6.1 E- 1 8 
7.2E-18 
1.4E-17 
1.8E-17 
1.4517 
3.3E-17 
1.6E-18 
1.8E-18 
2.2E-18 
6.8E-18 
1.8E-18 
3.2E-19 
2.6E-19 
2.8E-19 
6.1E-16 
6.7E-19 
2.1 E-20 
2.1 E-20 
1.6E-20 
3.2E-20 
6.1 E-20 
4.M-20 
1.lE-19 
4.4E-19 
4.3E-19 
4.9E-20 
2.3E-19 
8.OE-20 
6.OE-20 
2.8E-20 

2.3 
2.4 
2.2 
2.4 
2.2 
2.3' 
2.2 
2.3 
2.3 
2.4 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.1 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.4 
2.3 
2.2 



Pathway-Spedflc Dosw Aaaodstd wlth Rwtlne Alrbom Release of Amddum-241 (continued) 
Longmont 
(1 953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1962 
1983 
1984 
1985 
1986 
1967 
1988 
1989 

Wheal Ingestion 
GM (Sv/yearl GSD 

2.M-18 
9.4E-17 
2.4E-16 
5.6E-16 
2.5E-14 
2.8E-14 
3.5E-14 
3.7E-14 
3.8E-14 
5.2E-14 
5.6E-14 
6.OE- 14 
8.2E-14 
8.1 E-1 4 
7.9E-14 
8.5E-14 
8.6E.14 
8.9E-14 
6.6E-14 
1.OE-13 
9.7E-14 
9.9E-14 
9.4E-14 
9.4E-14 
l.lE-13 
9.M-14 
1 .1E-l3 
1.1513 
1.1513 
l.lE-13 
1 .OF13 
l.lE-13 
1.2513 

' 1.2E-13 
1 .lE-13 
1.3E-13 
1.OE-13 

3.8 
3.9 
3.9 
3.5 
3.8 
4.1 
3.8 
3.7 
3.7 
3.9 
3.7 
3.7 
3.9 
3.7 
3.5 
3.5 
3.5 
3.5 
3.5 
4.0 
3.6 
3.7 
3.6 
3.8 
3.9 
3.5 
3.6 
3.6 
3.8 
4.0 
3.6 
3.5 
3.7 
3.6 
3.5 
3.4 
3.6 

Milk Ingestion 
GM ISvlvearl GSD 

Beef Ingestion 
GM ISvlvearI GSD 

2.1 E-18 
7.2E-17 
9.3E-17 
3.4E-16 
1.5E-14 
4.8E-15 
3.2E-15 
3.0515 
3.6515 
5.76-15 
6.2E-15 
5.7515 
l.lE-14 

. 3.6E-15 
3.3E-15 
4.3E-15 
5.2E-15 
3.651 5 
3.651 5 
3.6E-15 
3.1E-15 
5.6E-15 
3.9E-15 
3.6E-15 
3.4E-15 
3.7E-15 
3.5E-15 
4.2E-15 
3.7E-15 
3.8E-15 
4.6E-15 
4.2E-15 
3.1E-15 
3.7E-15 
3.6E-15 
4.3E-15 
4.2E-15 

4.6 
5.3 
4.6 
5.0 
5.0 
4.3 
4.2 
4.2 
4.1 
4.6 
4.5 
4.1 
4.1 
4.1 
4.2 
4.2 
4.0 
4.2 
4.3 
4.6 
4.5 
4.2 
4.2 
4.4 
4.3 
4.5 
4.1 
4.5 
4.1 
4.7 
4.2 
4.4 
4.4 
4.3 
4.7 
4.2 
4.3 

1.5E-17 
5.6E-16 
6.5E-16 
2.2E-15 
1.3E-13 
4.OE-14 
2 .45  14 
2.3E-14 
2.5E-14 
3.7E-14 
5.3E-14 
4.4E-14 
7.4E-14 
2.2E-14 
2.5E-14 
2.9E-14 
3.6514 
2.6E-14 
2.2E-14 
2.4E-14 
2.3514 
3.7E- 14 
2.4E-14 
2.2E-14 
2.3514 
2.4E-14 
2.1E-14 
2.5E-14 
2.4E-14 
2.5E-14 
2.7E-14 
3.0514 
2.4514 
2.9E-14 
2.5E-14 
2.9E-14 
2.5E-14 

4.2 
4.2 
4.1 
4.4 
4.1 
4.1 
3.6 
3.7 
3.8 
3.6 
4.0 
3.9 
3.8 
4.3 
3.7 
3.6 
3.6 
3.9 
4.0 
4.3 
4.1 
3.5 
4.1 
4.3 
4.5 
4.3 
4.1 
3.9 
4.0 
3.9 
4.1 
4.3 
4.2 
4.2 
4.3 
3.9 
3.5 

NOTES: 
1 )  E-01  is the same as the value divided by 10'; E-02 is the same as the value divided by 1W; etc. 
21 GM = Geometric Meen 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Inhalation 01 
Resuspended Particulates 
GM ISvlvearl GSD 

1.4E-16 
5.OE-15 
l.lE-14 
2.8E-14 
9.7E-13 
1.4E-12 
1.5E-12 
1.M-12 
1.9E-12 
2.3E-12 
2.5E-12 
3.OE-12 
3.3E-12 
3.7E-12 
3.7E-12 
4.3E-12 
4.OE-12 
4.4E-12 
4.4E-12 
4.6E-12 
4.5E-12 
4.7612 
4.9E-12 
4.6E-12 
4.7E-12 
4.7E-12 
4.6E-12 
5.5E-12 
5.OE-12 
5.OE-12 
5.4E-12 
5.5E-12 
5.1E-12 
5.3E-12 
5.7E-12 
5.6E-12 
5.6E-12 

3.0 
3.0 
2.9 
3.0 
3.2 
3.1 
2.9 
2.6 
3.0 
2.9 
2.8 
2.9 
2.7 
2.6 
2.7 
2.6 
2.9 
2.8 
2.7 
2.6 
2.9 
2.8 
2.7 
2.8 
2.9 
2.7 
2.9 
2.7 
2.5 
2.7 
2.6 
2.9 
2.6 
2.7 
2.8 
2.6 
2.6 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

2.4E-24 
8.4E-23 
1.M-22 
4.4E-22 
1.M-20 
2.3E-20 
2.5E-20 
3.OE-20 
3.2E-20 
3.8E-20 
4.1 E-20 
4.9E-20 
5.7E-20 
6.1 E-20 
6.1 E-20 
7.1E-20 
6.M-20 
7.3520 
7.3520 
8.OE-20 
7.5E-20 
7.9E-20 
8.OE-20 
7.6E-20 
7.7E-20 
7.8E-20 
7.9E-20 
8.7E-20 
8.3E-20 
8.2E-20 
8.9E-20 
9.2E-20 
6.7E-20 
9.OE-20 
9.3E-20 
9.5E-20 
9.2E-20 

3.0 
3.2 
3.0 
3.0 
3.3 
3.2 
2.9 
2.9 
3.0 
2.9 
2.8 
2.9 
2.7 
2.8 
2.8 
2.7 
2.8 
3.0 
2.7 
2.7 
3.0 
2.8 
2.8 
2.7 
2.9 
2.7 
2.6 
2.7 
2.6 
2.7 
2.9 
2.9 
2.6 
2.7 
2.8 
2.6 
2.6 

Total Dose 
GM (Svlyearl GSD 

5.6E-13 
1.9E-11 
2.OE-11 
6.8E-11 
4.4E-09 
9.1 E - 1 0  
4.2E- 10 
3.9E-10 
4.4E-10 
9.1 E - 1 0  
1.lE-09 
6.7E-10 
2.OE-09 
1 . 1  E - 1 0  
1.3E-10 
1.5E-10 
4.2E-10 
1.3E-10 
3.2E-11 
3.OE-11 
3.1E-11 
3.3E-10 
5.1E-11 
1.3E-11 
1.3E-11 
1.2E-11 
1.4E-11 
1.7E-11 
1.M-11 
2.1E-11 
4.3E-11 
4.X-11 
1.6511 
2.9E-11 
1.9E-11 
1.6E-11 
1.5E-11 

2.2 
2.3 
2.2 
2.3 
2.1 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.1 
2.2 
2.1 
2.1 
2.1 
1.9 
1.8 
1.8 
2.1 
1.9 
1.9 
1.9 
1.9 
1.9 
1 .8 
1.8 
1.6 
1.9 
1.9 
1.8 
1.8 
1.9 
1.9 
1.9 



PATHWAY-SPECIFIC DOSES ASSOCIATED 
WITH ROUTINE AIRBORNE RELEASE 

OF DEPLETED URANTUM 



Pathwsy-Sped& Doam Assodated whh Routlne A i h m e  Release of Depleted Uranium 
Secto, 1 
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyearI GSD 

7.5E-09 
7.5E-09 
1.3E-08 
6.1 E-09 
4.4E-09 
9.8E-09 
1.6E-09 
2.1 E-09 
3.2E-09 
2.2E-09 
3.OE-09 
1.4509 
1.7E-09 
8.4E-10 
8.4E-10 
8.4510 
9.8E-10 
1.2E-09 
3.5510 
2.6E-10 
3.3E-10 
5.6E-11 
1.7E-10 
7.5E-11 
1.2E-10 
2.OE-10 
1.6E-10 
9.3E-11 
1.1 E-10 
1.2E-10 
1.9E-10 
3.4E-11 
2.4E- 10 
1.8E-11 
7.5E-11 
6.M-11 
1.5E-11 

2.8 
2.8 
2.9 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 
3.0 
2.9 
3.0 
2.9 
2.9 
2.8 
2.7 
2.9 
2.9 
3.0 
3.0 
2.8 
2.8 
2.7 
2.8 
2.9 
2.9 
2.8 
3.0 
2.8 
2.8 
2.9 
2.9 
2.9 
2.8 
2.7 
2.7 

Soil Ingestion 

2.2E-13 
4.9E-13 
9.5E-13 
1.2E-12 
1.351 2 
1.7E-12 
1.8E-12 
1.951 2 
2.OE-12 
2.1 E-1 2 
2.2E-12 
2.2E-12 
2.3E-12 
2.3E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.5E-12 
2.5E-12 
2.5E-12 
2.5E-12 
2.5512 
2.5E-12 
2.5E-12 
2.5E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6512 

4.7 
3.8 
4.0 
3.7 
3.9 
3.8 
3.8 
3.7 
4.0 
3.9 
3.8 
3.8 
3.6 
3.6 
3.8 
3.8 
3.7 
3.9 
3.7 
3.7 
3.6 
3.7 
3.8 
3.8 
3.8 
3.8 
4.0 
3.5 
3.8 
3.8 
3.9 
4.0 
3.8 
3.6 
3.9 
3.7 
3.7 

Vegetable.lngestion 
GM (Svlyearl GSD 

2.9E-11 
2.9E-11 
5.OE-11 
2.4E-1 1 
1 .BE-1 1 
3.951 1 
7.4E-12 
9.5E-12 
1.4E-11 
9.9E-12 
1.3E-11 
6.8E-12 
7.9E-12 
4.6E-12 
4.5E-12 
4.4E-12 
5.1 E-1 2 
5.9E-12 
2.4E-12 
2.OE-12 
2.3E-12 
1 .OE-12 
1.6E-12 
1 .2E-l2 
1.4E-12 
1.8E-12 
1.6E-12 
1.3E-12 
1.3E-12 
1.4E-12 
1.7E-12 
9.1 E-1 3 
2.OE-12 
8.1E-13 
1.2E-12 
1.lE-12 
7.8E-13 

3.8 
3.9 
3.7 
3.6 
3.4 
4.0 
3.5 
3.4 
4.0 
3.3 
3.5 
3.3 
3.4 
3.6 
3.4 
3.7 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.6 
3.3 
3.4 ' 

3.1 
3.2 
3.2 
3.4 
3.1. 
3.1 
3.3 
3.4 
3.8 
3.5 
3.3 
3.8 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by lW; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sieverl; 1 Sv = 1 0 0  rem 

Ground Exposure 
GM (Svlyear) GSD 

8.5E-14 2.6 
1.9E-13 2.3 
3.6E-13 2.1 
4.5E-13 2.1 
5.2E-13 2.0 
6.6E-13 2.0 
6.9E-13 2.0 
7.2E-13 2.1 
7.7E-13 1.9 
8.OE-13 2.0 
8.4E-13 1.9 
8.7E-13 2.0 
8.9E-13 1.9 
9.OE-13 1.9 
9.1E-13 1.9 
9.3E-13 1.9 
9.4E-13 1.9 
9.6E-13 1.9 
9.7E-13 1.9 
9.7E-13 1.9 
9.7E-13 1.9 
9.8E-13 1.9 
9.8E-13 1.9 
9.8E-13 2.0 
9.8E-13 1.9 
9.8E-13 1.9 
9.9513 1.9 
9.9E-13 1.9 
9.9E-13 1.9 
9.9E-13 1.9 
1.OE-12 1.9 
9.9E-13 2.0 
1 .OE-12 1.9 
1.OE-12 1.9 
1 .OE-l2 1.9 
1.OE-12 1.9 
1.OE-12 1.9 

Immersion 
GM (Sv/yearl GSD 

4.1E-18 2.3 
4.1 E-18 2.2 
6.9E-18 2.3 
3.3E-18 2.2 
2.4E-16 2.3 
5.4E-18 2.2 
9.OE-19 2.3 
1.2E-18 2.2 
1.7E-18 2.2 
1.2E-18 2.2 
1.6E-18 2.2 
7.9E-19 2.2 
9.2E-19 2.2 
4.6E-19 2.2 
4.6E-19 2.3 
4.6E-19 2.2 
5.4E-19 2.2 
6.4E-19 2.2 
1.9E-19 2.3 
1.4E-19 2.2 
1.8E-19 2.2 
3.1 E-20 2.2 
9.2E-20 2.2 
4.1 E-20 2.2 
6.4E-20 2.2 
1.1 E-19 2.2 
8.7E-20 2.2 
5.1 E-20 2.3 
5.9620 2.3 
6.4E-20 2.2 
1.OE-19 2.3 
1.8E-20 2.2 
1.3E-19 2.2 
9.7E-21 2.3 
4.1 E-20 2.2 
3.1 E-20 2.2 
8.5E-21 2.2 
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Pmthw~-Spedftc boMI Assodated wkh Routfne Ahbome Release of Depleted Uranium Icontinuedl 
Sector 1 
(1953 - 1989) 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1982 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982. 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
G M  (Svlyeerl GSD 

3.9E- 14 
8.7E-14 
1.7E-13 
2.1E-13 
2.4E-13 
3.OE-13 
3.2E-13 
3.3E-13 
3.5E-i3 
3.7E-13 
3.9E-13 
4.OE-13 
4.1 E- 1 3 
4.1E-13 
4.2E-13 
4.3E-13 
4.3513 
4.4E-13 
4.4E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.5E-13 
4.6E-13 
4.6E-13 
4.6E-13 
4.6E-13 
4.6E-13 
4.6E-13 
4.6E-13 

4.9 
4.4 
4.4 
4.3 
4.1 
4.2 
4.1 
4.1 
4.3 
4.1 
4.2 
4.0 
4.1 
4.3 
4.4 
4.1 
4.2 
4.2 
4.4 
4.0 
4.4 
4.2 
4.1 
4.4 
4.2 
4.1 
3.9 
3.9 
4.1 
3.8 
4.1 
4.3 
4.1 
4.3 
4.3 
4.0 

* 3.9 

Milk Ingestion 
GM ISvlvearI GSD 

1.2E-11 
1.4E-1 1 
2.4E-11 
1.4E-11 
1 .2E-11 
2.2E-11 
8.M-12 
9.7E-12 
1.2E-11 
1 .OE-1 1 
1.2E-11 
9.5E-12 
1.OE-11 
8.4E-12 
8.5E-12 
8.7E-12 
9.OE-12 
9.5E-12 
7.7E-12 
7.5E-12 
7.851 2 
8.9E-12 
7.3E-12 
7.OE-12 
7.2E-12 
7.5E-12 
7.3E-12 
7.2E-12 
7.2E-12 
7.2E-12 
7.5E-12 
7.OE-12 
7.6E-12 
7.OE-12 
7.1 E-1 2 
7.1E-12 
7.OE-12 

5.5 
5.0 
5.0 
5.0 
4.9 
4.8 
4.2 
4.5 
4.4 
4.3 
4.5 
4.5 
4.8 
4.4 
4.6 
4.6 
4.4 
4.4 
4.6 
4.6 
4.6 
4.6 
4.8 
4.5 
4.4 
4.3 
4.4 
4.5 
4.3 
4.9 
4.7 
4.3 
4.7 
4.7 
4.4 
4.9 
4.4 

Beef Ingestion 
GM (Svlvearl GSD 

3.5E-12 
3.8E-12 
6.6E-12 
3.9E-12 
3.3E-12 
6.1E-12 
2.3E-12 
2.6E-12 
3.3E-12 
2.9E-12 
3.4E-12 
2.6E-12 
2.7E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.4E-12 
2.6E-12 
2.OE-12 
2.OE-12 
2.OE-12 
1.8E-12 
1.9E-12 
1.8E-12 
1.9E-12 
2.OE-12 
1.9E-12 
1.9E-12 
1.9E-12 
1.9Ell2 
2.OE-12 
1.8E-12 
2.OE- 12 
1 B E - 1  2 
1.9E-12 
1.9E-12 
1 .BE-1 2 

5.2 
5.0 
5.0 
4.5 
4.4 
4.7 
4.1 
4.4 
4.5 
4.1 
4.4 
4.1 
4.1 
4.2 
4.2 
4.3 
4.2 
3.9 
4.3 
4.4 
4.3 
4.5 
4.0 
4.1 
4.4 
4.1 
4.3 
4.5 
4.2 
4.5 
4.3 
4.5 
4.2 
4.2 
4.3 
4.5 
4.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; €102 is the same as the value divided b y  10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Inhalation of 
Resuspended Particulates 
GM ISvlyearI GSD 

1.9E-12 
4.2E-12 
8.1 E-1 2 
1 .OE-1 1 
1.2E-11 
1.551 1 
1.5E-11 
1.6E-11 
1.7E-1 1 
1.8E-11 
1.9E-11 
1.9E-11 
2.OE-11 
2.OE-11 
2.1511 
2.1E-11 
2.1E-11 
2.1E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 

4.2 
3.5 
3.4 
3.3 
3.3 
3.3 
3.1 
3.2 
3.3 
3.1 
3.1 
3.1 
3.2 
3.1 
3.3 
3.0 
3.3 
3.1 
2.9 
3.3 
3.1 
3.2 
3.0 
3.0 
2.9 
3.3 
3.1 
3.2 
3.2 
3.2 
3.1 
3.0 
3.1 
2.8 
3.0 
3.1 
3.0 

Immersion in 
Resuspended Particulates 
GM ISv/year) GSD 

1 .OE-21 
2.3E-21 
4.5E-21 
5.5E-21 
6.4E-21 
8.1 E-21 
8.4E-21 
8.8E-21 
9.4521 
9.8E-21 
1 .OE-20 
1.1 E-20 
1.1E-20 
1.1 E-20 
1.1 E-20 
1.1 E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 

1.2E-20 
1 .2E-20 
1.2E-20 
1 .2E-20 
1 .2E-20 
1.2E-20 : 

1.2E-20 
1 .2E-20 
1 .2E-20 
1 .2E-20 

1.2E-20 . 

3.5 
2.8 
2.8 
2.7 
2.6 
2.7 
2.5 
2.5 
2.6 
2.6 
2.8 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.8 
2.5. 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.8 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

1 
Total Dose 

GM (Sv/vearl ! GSD 

7.6E-09 
7.6E-09 
1.3E-08 
6.2E-09 
4.6E-09 1 
1.7E-09 I 
1.OE-08 1 

2.3E-09 
3.3E-09 1 
1.6E-09 1 
9.4E-10 1 

2.4E-09 
3.1E-09 I 

1.8E-09 I 

9.4E-10 I 
9.4E-10 I 
l . lE-09 I 
1.3E-09 ' 
4.3E-10 I 

3.4E-10 1 
4.2E-10 I 
1.2E-10 I 

2.5E-10 ' 
1.9E-10 
2.9E-10 1 
2.4E-10 I 

1.4E-10 i 

1.7E-10 I 
1.8E-10 1 
2.OE-10 I 
2.7E-10 

I 
9.8E-11 I 
3.2E-10 I 
1.4E-10 I 7.9E-11 1 

1.3E-10 I 

7.4E-11 I 
I 

2.8 
2.8 
2.9 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.7 
2.9 
2.7 
2.8 
2.7 
2.7 
2.8 
2.5 
2.7 
2.8 
2.8 
2.6 
2.2 
2.4 
2.2 
2.2 
2.4 
2.4 
2.2 
2.4 
2.3 
2.3 
2.2 
2.5 
2.1 
2.2 
2.1 
2.1 
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Pathwey-Spedflc Ooees Asaoclated wkh Routlne Airborne Release of Depleted Umnlum 
Sector 2 
(1953 - 1989) - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1961 

'1 982 ' 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

1973 

- 

Inhalation 
GM ISvlyearl GSD 

3.7E-09 2.9 
3.7E-09 2.9 
6.2E-09 2.9 
3.OE-09 2.8 
2.2E-09 2.9 
4.8E-09 3.0 
8.1 E-10 2.8 
l.lE-09 2.9 
1.6E-09 2.7 
1.1 E-09 2.7 
1.5E-09 2.9 
7.1 E- 10 2.9 
8.3E-10 3.0 
4.2E-10 2.9 
4.1 E-10 2.8 
4.1 E-10 2.7 
4.8E-10 2.9 
5.8E-10 2.8 
1.7510 2.8 
1.3510 2.9 
1.6E-10 2.8 
2.8E-11 2.9 
8.3E-11 2.9 
3.7E-11 2.7 
5.8E-11 2.8 
9.9E-11 2.9 
7.8E-11 2.9 
4.6E-11 2.9 
5.X-11 2.8 
5.8E-11 2.8 
9.2E-11 2.8 
1.7E-11 2.8 
1 .ZE-10 2.8 
8.6E-1 2 2.9 
3.7E-11 2.9 
2.8E-11 3.0 
7.6E- 12 2.9 

~~ 

Soil Ingestion 
GM ISvlyear) GSD 

. l.lE-13 4.4 
2.4E-13 3.9 
4.7E-13 3.9 
5.6E-13 3.7 
6.7E-13 3.9 
8.5E-13 3.7 
8.8E-13 3.8 
9.2E-13 3.7 
9.9E-13 3.9 
1.OE-12 3.8 
1.1 E-1 2 3.7 ' 

1.lE-12 3.7 
1.lE-12 3.7 
1.2E-12 3.8 
1.2E-12 3.8 
1.2E-12 3.6 
1.2E-12 3.7 
1.2E-12 3.6 
1.2E-12 3.5 
1.2E-12 3.8 
1.3E-12 3.8 
1.3E-12 3.8 
1.3E-12 3.7 
1.3E-12 3.6 
1.3E-12 3.6 
1.3E-12 3.6 
1.X-12 ' 3.7 
1.3E-12 . 3.8 
1.3E-12 3.7 
1.351 2 3.7 
1.3E-12 3.6 
1.3E-12 3.7 
1.3E-12 3.8 
1.3E-12 3.9 
1.3E-12 3.9 
1.3E-12 3.8 
1.3E-12 3.8 

~~ ~ 

Vegetable Ingestion 
GM ISvlyearl GSD 

1.4E-11 3.9 
1.4E-11 3.8 
2.4E-11 3.6 
1.2E-1 1 3.5 
6.9E-12 3.6 
1.9E-11 3.8 
3.7E-12 3.4 
4.7E-12 3.8 
6.7E-I2 3.4 
4.9E-12 3.7 
6.3E-12 3.5 
3.4E-12 3.2 
3.9E-12 3.6 
2.2E-12 3.5 
2.2E-12 3.4 

3.4 2.2E-12 
2.6E-12 3.5 
2.9E-12. 3.6 
1 . 2 6 1  2 3.3 
1.OE-1 2 3.2 
1.2E-12 3.3 
5.1 E-1 3 3.3 
8.OE-13 3.2 
5.6E-13 ' 3.3 
6.8E-13 3.5 
8.9E-13 3.3 
7.6E-13 3.3 
6.2E-13 3.5 
6.5E-13 3.4 
6.9E-13 3.5 
8.5E-13 3.4 
4.5E-13 3.3 
9.961 3 3.1 
3.9E-13 3.4 
5.7E-13 3.4 
5.3E-13 3.3 
3.9E-13 4.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 1 0 0  rem 

1 of 2 

Ground Exposure 
GM ISvlyear) GSD 

4.2E-14 2.5 
9.4E-14 2.2 
1.8E 13 2.1 

2.1 2.2E-13 
2.6E-13 2.1 
3.3513 2.0 
3.4E-13 2.0 
3.6E-13 2.0 
3.6E-13 2.0 
4.OE-13 2.0 
4.2E-13 2.0 
4.3E-13 2.0 
4.4E-13 2.0 
4.5E-13 2.0 
4.5E-13 2.0 
4.6E-13 1.9 
4.7E-13 1.9 
4.7E-13 1.9 
4.8513 1.9 

4.8E-13 2.0 
4.8E-13 1.9 
4.8E-13 1.9 
4.8E-13 1.9 
4.9E-13 2.0 
4.9E-13 2.0 
4.9E-13 2.0 
4.9E-13 1.9 
4.95 13 1.9 
4.9E-13 1.9 
4.9E-13 1.9 
4.9E-13 1.9 
4.9E-13 1.9 
4.9E-13 2.0 
4.9E-13 1.9 
5.OE-13 1.9 
4.9E-13 1.9 

4.M-13 , 1.9 

Immersion 
GM (Sv/yearl GSD 

2.OE-18 2.2 
2.OE-18 2.2 
3.4E-18 2.3 
1.M-18 2.2 
1.2E-18 2.3 
2.7E-18 2.3 
4.4E-19 2.2 
5.8E-19 2.2 
8.6E-19 2.2 
6.1E-19 2.2 

2.3 8.1E-19 
3.9E-19 2.2 
4.8E-19 2.3 
2.3E-19 2.2 
2.3E- 19 2.2 
2.3E-19 2.2 
2.7E-19 2.2 
3.2E-19 2.2 
9.5E-20 2.2 
7.0520 2.2 
8.9E-20 2.3 
1.5E-20 2.2 
4.6E-20 2.3 
2.OE-20 2.3 
3.2E-20 2.3 
5.4E-20 2.2 
4.3E-20 2.2 
2.5E-20 2.2 
2.9E-20 2.3 
3.2E-20 2.2' 
5.1 E-20 2.3 
9.1 E-2 1 2.2 
6.5E-20 2.2 
4.8E-21 2.3 
2.OE-20 2.2 
1.5E-20 2.2 
4.2E-21 2.3 



Pathway-Spedfk Doses Asiodated with Routhm Ahbome Rdeme of Depleted Ursnlum Iconttnuedl 
Sector 2 
(1953 * 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyearI GSD 

1.9E-14 
4.3E- 14 
8.3E-14 
1 .OE-13 
1 .2E-l3 
1.5E-13 
1.6E-13 
1.6E-13 
1.7E-13 
1.8E-13 
1.9E-13 
2.OE-13 
2.OE-13 
2.1E-13 
2.1E-13 
2.1E-13 
2.1 E-1 3 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2513 
2.2E-13 
2.2E-13 
2.3E-13 
2.3E-13 
2.3513 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 

4.8 
4.6 
4.3 
4.2 
4.4 
4.3 
4.4 
4.4 
4.3 
4.1 
4.0 
3.9 
4.4 
3.8 
3.7 
4.0 
4.3 
4.2 
3.9 
3.9 
4.1 
3.8 
4.3 
3.8 
4.1 
4.2 
3.9 
4.5 
4.0 
4.1 
4.3 
4.0 
4.0 
3.8 
4.0 
4.0 
4.4 

Milk Ingestion 
GM ISv/yearl GSD 

6.1 E-1 2 
6.7E-12 
1.1E-11 
7.OE-12 
6.1E-12 
1.lE-11 
4.2E-12 
4.8E-12 
6.OE-12 
5.1E-12 
6.OE- 12 
4.7E-12 
5.OE-12 
4.1 E-1 2 
4.2E-12 
4.3512 
4.5E-12 
4.8E-12 
3.8E-12 
3.7E-12 
3.8512 
3.4E-12 
3.W-12 
3.5E-12 
3.6E-12 
3.7E-12 
3.6E-12 
3.5E-12 
3.M-12 
3.M-12 
3.7512 
3.5E-12 
3.8E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3,.5E-12 

6.0 
5.3 
5.3 
4.7 
5.1 
4.6 
4.5 
4.8 
4.5 
4.6 
4.6 
4.5 
4.3 
4.5 
4.3 
4.6 
4.4 
4.2 
4.4 
4.3 
4.6 
4.5 
4.4 
4.7 
4.8 
4.5 
4.5 
5.0 
4.9 
4.9 
4.5 
4.7 
4.8 
4.6 
4.6 
4.8 
4.8 

~~ ~~ ~ ~ ~ ~~ ~~~ 

Beef Ingestion 
GM (Svlyear) GSD 

1.7E-12 5.1 
1.9E-12 4.8 
3.3E-12 4.7 
2.OE-12 4.5 
1.7E-12 4.3 
3.OE-12 4.3 
l . lE-12 4.0 
1.3E-12 3.9 
1.6512 4.2 
1.4E-12 4.2 
1.7E-12 4.4 
1.3E-12 4.2 
1.4E-12 4.1 
1.1 E-1 2 4.3 
1.1 E-1 2 4.1 
1.1E-12 4.4 
1.2E-12 4.1 
1.3E-12 4.2 
1.OE-12 4.3 
9.8E-13 4.4 
1.OE-12 4.3 
9.OE-13 4.4 
9.5E-13 4.3 
9.OE-13 4.4 
9.3E-13 4.2 
9.7E-13 4.4 
9.6E-13 4.5 
9.2E-13 4.2 
9.3E-13 4.5 

9.7E-13 4.1 
9.OE-13 4.7 
1.OE-12 4.2.  
9.OE-13 4.6 
9.3E-13 4.5 
9.3E-13 4.6 
9.OE-13 4.4 

9.4513 ~ 4.5 

Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

9.4E-13 
2.1 E-1 2 
4.OE-12 
5.OE-12 
5.8E-12 
7.351 2 
7.6E-12 
7.951 2 
8.551 2 
8.8E-12 
9.3E-12 
9.5E-12 
9.8E-12 
1 .OE-1 1 
1 .OE-1 1 
1.OE-11 
1.OE-11 
1.lE-11 
1.lE-11 
1.lE-11 
l.1E-11 
1.lE-11 
1.1E-11 
1.lE-11 
1.lE-11 
1.1E-11 
1.1511 
1.lE-11 
1.1E-11 
1.1 E-1 1 
1.lE-11 
1.1E-11 
1.1E-11 
1.1E-11 
1.1E-11 
1.1E-11 
1.1 E-1 1 

3.6 
3.4 
3.2 
3.4 
3.3 
3.3 
3.2 
3.4 
3.1 
3.2 
3.2 
3.1 
3.2 
3.2 
3.1 
3.1 
3.2 
3.1 
3.2 
3.1 
3.1 
3.1 
3.1 
3.2 
3.1 
3.1 
3.2 
3.1 
3.0 
3.1 
3.0 
3.2 
3.1 
3.1 
3.4 
3.1 
3.1 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

5.1 E-22 
1 .2E-21 
2.2E-21 
2.7E-21 
3.2E-21 
4.OE-21 
4.1E-21 
4.4E-21 
4.6521 
4.9E-21 
5.1E-21 
5.2E-21 
5.4E-21 
5.5E-21 
5.6E-21 
5.M-21 
5.7E-21 
6.8E-21 
6.9521 
6.9E-21 . 
6.9E-21 
5.9E-21 
5.9E-21 
5.9E-21 
6.9E-21 
6.OE-21 
6.OE-21 . 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.1E-21 
6.OE-21 
6.1E-21 
6.1E-21 

3.0 
2.8 
2.7 
2.7 
2.6 
2.5 
2.5 
2.6 
2.7 
2.5 
2.6 
2.6 
2.5 
2.7 
2.6 
2.5 
2.6 
2.5 
2.6 
2.6, 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.4 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv = 100 rem 
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1 
Total Dose 

GM (Sv/yearj I GSD 
I 

3.8E-09 i 
3.N-09 1 
6.3E-09 
3.1E-09 
2.3E-09 
5.OE-09 
8.5E-10 
1.1 E-09 
1.6E-09 
1.2E-09 
1.5E-09 
7.7E- 10 
8 .95  10 
4 . 6  10 
4.6E-10 
4.7E-10 
5.4E-10 
6.3E-10 
2.2E-10 

i 
1.2E-10 j 

1.7E-10 
2.1 E-10 
6.1E-11 I 

7.2E-11 
9.6E-11 
1.4E-10 
1.2E-10 
8.4511 , I 
9.1E-11 I 
9.5E-11 ! 
1.3E-10 I 
4.9E-11 
1.6E-10 
3.9E-11 1 
7.3E-11 1 

6.ZE-11 3.7E-11 ! 
I 

2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.7 
2.8 
2.6 
2.6 
2.8 
2.7 
2.8 
2.7 
2.6 
2.5 
2.7 
2.6 
2.5 
2.4 
2.5 
2.2 
2.3 
2.2 
2.3 
2.4 
2.4 
2.2 
2.3 
2.4 
2.3 
2.2 
2.4 
2.2 
2.3 
2.2 
2.2 



Pathw~SpnHic  Doma Aatodated wlth Rwtlne Airborne Release of Depleted Urenlum 
Sector 3 
I1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1984 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 

Inhalation 
GM ISvlyearJ GSD 

3.7E-09 
3.7E-09 
6.3E-09 
3.OE-09 
2.2E-09 
4.9509 
8.1 E-10 
1.1 E-09 
1.M-09 
1.1 E-09 
1.5E-09 
7.2E-10 
8.3E-10 
4.2E-10 
4.25 10 
4.2E-10 
4.9E-10 
5.8E-10 
1.7E-10 
1.3E-10 
1.6E-10 
2.8E-11 
8.351 1 
3.751 1 
5.6E-11 
1 .OE-10 
7.9E-11 
4.6E-11 
5.3E-11 
5.8E-11 
9.3E-11 
1.7E-11 
1.2E-10 
8.8E-12 
3.7E-11 
2.8E-11 
7.7512 

2.8 
2.8 
3.0 
2.8 
2.6 
2.9 
2.9 
2.9 
2.9 
2.7 
2.9 
2.6 
2.9 
2.7 
2.8 
2.9 
2.9 
2.7 
2.9 
2.6 
2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
3.0 
2.8 
2.9 

Soil Ingestion 
GM (SvlyearJ GSD 

1.1 E-1 3 
2.5E-13 
4.7E-13 
5.9E-13 
6.7E-13 
6.6E-13 
6.9E-13 
9.3E-13 
9.9E-13 
1.OE-12 
1 .1 E- 1 2 
l.lE-12 
1 .2E-12 
1.2E-12 
1 .2E- l2 
1.2E-12 
1.2E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1 3 - 1 2  
1 . X - 1 2  
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1 3 - 1 2  
1.3E-12 

4.5 
4.0 
4.0 
3.5 
4.1 
3.7 
3.9 
3.6 
3.6 
3.6 
3.7 
3.9 
3.6 
3.7 - 
3.6 
3.8 
3.6 
3.9 
3.6 
3.9 
3.9 
3.7 
3.7 
3.6 
3.8 
3.9 
3.6 
3.8 
3.8 
3.8 
3.5 
3.6 
3.6 
3.5 
3.7 
3.6 
3.7 

Vegetable Ingestion 
GM ISvlyear) GSD 

1.4E-11 
1.5E-11 
2.5E-1 1 
1.2E-11 
9.1E-12 
1.9E-11 
3.7E-12 
4.7E-12 
6.8E-12 
4.9E-12 
6.4E-12 
3.4E-12 
3.951 2 
2.2E-12 
2.2E-12 
2.3E-12 
2.5E-12 
2.9E-12 
1.2E-12 
1 .OE-l2 
1.2E-12 
5.1 E-1 3 
8.OE-13 
5.8E-13 
6.8E-13 
9.OE-13 
7.8E-13 
8.3E-13 
6.7E-13 
6.7E-13 
8.M-13 
4.5E-13 
1 .OE- l2  
4.OE-13 
5.8513 
5.2E-13 
3.9E-13 

4.0 
3.8 
3.6 
3.4 
3.5 
3.9 
3.4 
3.6 
3.7 
3.6 
3.5 
3.4 
3.5 
3.3 
3.4 
3.3 
3.2 
3.5 
3.4 
3.2 
3.2 
3.3 
3.1 
3.4 
3.4 
3.2 
3.3 
3.2 
3.5 
3.3 
3.3 
3.5 
3.0 
3.7 
3.3 
3.4 
3.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Ground Exposure 
GSD GM (Svlyearl 

4.2E-14 
9.5E-14 
1.M-13 
2.3E-13 
2.6E-13 
3.3E-13 
3.4513 
3.6E-13 
3.8E-13 
4.OE-13 
4.2E-13 
4.3E-13 
4.4E-13 
4.5E-13 
4.6513 
4.6513 
4.7E-13 
4.8E-13 
4.8513 
4.8E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.951 3 
4.9E-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 

2.6 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 

Immersion 
GM ISv/yearl GSD 

2.OE-18 
2.OE-16 
3.4E-18 
1.7E-18 
1.2E-18 
2.7616 
4.5519 
5.9E-19 
8.6E-19 
6.1E-19 
8.1E-19 
3.9E-19 
4.6E-19 
2.3E-19 
2.3E-19 
2.3E-19 
2.7519 
3.2E-19 
9.5E-20 
7.OE-20 
8.9E-20 
1.5E-20 
4.6E-20 
2.OE-20 
3.2E-20 
5.5E-20 
4.3E-20 
2.5E-20 
2.9E-20 
3.2E-20 
5.1E-20 
9.2E-21 
6.5E-20 
4.6E-21 
2.OE-20 
1.5E-20 
4.2E-21 

2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.1 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 



Pathway-Spdfk Doam Aaodsted whh RWIm Ahoms Release of Depleted Uranlum (continued) 

Sector 3 
(1953 - ?989) 

Year 

1953 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1985 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
198Z 
1983 
1984 
1965 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyeer) GSD 

1.9E-14 
4.4514 
8.4E-14 
1.OE-13 
1.2E-13 
1.5E-13 
1.6E-13 
1.6E-13 
1.8E-13 
1.8E-13 
1.9E-13 
2.OE-13 
2.OE-13 
2.1E-13 
2.1 E-1 3 
2.1E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3613 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 

' 2.3E-13 
2.3513 
2.3E-13 

4.9 
4.5 
4.5 
4.1 
4.3 
4.2 
4.5 
4.1 
4.2 
4.0 
4.4 
4.2 
4.3 
4.2 
3.9 
4.1 
4.0 
4.3 
4.3 
4.1 
4.4 
3.9 
4.0 
4.1 
4.1 
4.2 
4.2 
3.9 
4.3 
4.0 
3.9 
4.0 
3.9 
4.1 
4.0 
4.1 
4.2 

Milk Ingestion 
GM ISvlyeer) GSD 

6.2E-12 
6.8E-12 
1 .ZE-ll 
7.OE-12 
6.OE-12 
1.lE-11 
4.3E-12 
4.8E-12 
6.OE-12 
5.2E-12 
6.1E-12 
4.7E-12 
5.1E-12 
4.2E-12 
4.2E-12 
4.3E-12 
4.6E-12 
4.8E-12 
3.8E-12 
3.7E-12 
3.8E-12 
3.5E-12 
3.6E-12 
3.5E-12 
3.6E-12 
3.7E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.W-12 
3.7E-12 
3.56-12 
3.6E-12 
3.5E-12 
3.6E-12 
3.6E-12 
3.5E-12 

5.4 
5.4 
4.8 
5.3 
4.7 
4.9 
4.5' 
4.6 
4.8 
4.4 
4.4 
4.7 
4.5 
4.3 
4.6 
4.4 
4.2 
4.5 
4.6 
4.6 
4.6 
4.5 
4.5 
4.4 
4.8 
4.4 
4.7 
4.4 
4.5 
4.5 
4.5 
4.7 
4.4 
4.6 
4.6 
4.8 
4.5 

Beef Ingestion 
GM (Svlyear) GSD 

1.7E-12 
1.9E-12 
3.3E-12 
1.9E-12 
1.7512 
3.1E-12 
1.2E-12 , 
1.3E-12 
1.7E-12 
1.4E-12 
1.7E-12 
1.3E-12 
1.3E-12 
l.lE-12 
1.1E-12 
1.2E-12 
1.2E-12 
1.3E-12 
1.OE-12 
9.9E-13 
1.OE-12 
9.OE-13 
9.6E-13 
9.1513 
9.4E-13 
9.8E-13 
9.5E-13 
9.3E-13 
9.4E-13 
9.5E-13 
9.8E-13 
9.1E-13 
1.OE-12 
9.OE-13 
9.3E-13 
9.3E-13 
9.1E-13 

5.1 
4.2 
4.4 
4.2 
4.3 
4.6 
4.4 
4.1 ' 

4.2 
4.2 
4.1 
3.9 
4.1 
4.2 
4.3 
4.1 
4.1 
4.1 
4.2 
4.4 
4.1 
4.5 
4.5 
4.5 
4.5 
4.4 
4.5 
4.3 
4.3 
4.4 
4.1 
4.4 
4.4 
4.2 
4.3 
4.3 
4.2 

NOTES: 
11 E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; elc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standad Deviation 
41 Sv Sievert; 1 Sv = 1 0 0  rem 

Inhalation of 
Resuspended Particulates 
GM (%/year) GSD 

9.4E-13 
2.1 E - 1  2 
4.OE- 12 
5.1E-12 
5.8E-12 
7.4E-12 
7.6E-12 
8.OE-12 
8.5E-12 
8.9E-12 
9.451 2 
9.651 2 
9.9E-12 
1 .OE-1 1 
1 .OE-1 1 
1 .OE-1 1 
1 .OE-1 1 
1.lE-11 
l.1E-11 
1 . 1 E - 1 1  
1.lE-11 
1.lE-11 

1 . 1 E - 1 1  
1 . 1  E-1  1 
1 . 1 E - 1 1  
1.1E-11 
1.lE-11 
1.lE-11 
l.1E-11 
1 . 1 5 1 1  
1.lE-11 
1.lE-11 
1 . 1 E - 1 1  
1 . 1 E - 1 1  
1.lE-11 
l.1E-11 

i.lE-11 

3.8 
3.3 
3.6 
3.3 
3.3 
3.3 
3.1 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
2.9 
3.0 
3.1 
3.1 
3.1 
3.3 
3.0 
3.2 
3.0 
3.2 
3.0 
2.9 
3.1 
3.0 
3.0 
3.1 
3.2 
3.2 
3.1 
3.0 
3.2 

Immersion in 
Resuspended Particulstes 
GM (Svlyearl GSD 

5.2E-22 
1 .2E-21 
2.2E-21 
2.8E-21 
3.2E-21 
4.OE-21 
4.262 1 
4.4E-21 
4.7E-21 
4.9E-21 
5.2E-21 
6.3E-21 
5.4E-21 
6.5E-21 
6.6E-21 
6.7E-21 
6.7E-2 1 
6.9E-21 
6.9E-21 . 
6.9E-21 . 
6.9E-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.OE-21 . 
6.OE-21 
6.OE-21 
6.1 E-21 
6.1E-21 
6.1E-21 
6.1E-21 
6.1E-21 
&(E-21 
6. 1 E-21 
6.1E-21 

3.1 
2.8 
2.8 
2.6 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.4 
2.6 
2.4 
2.6 
2.6 
2.4 
2.6 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.4 
2.5 
2.5 
2.4 
2.6 
2.6 
2.4 
2.5 
2.5 
2.6 

Total J s e  
GM (Sv/year) I GSD 

3.8 E-09 
6.4E-09 1 
3.1 E-09 
2.3E-09 
6.OE-09 
8.6E-10 

1.6E-09 , 
1.2E-09 ' 
1.5E-09 
7.8E-10 
8.9E-10 
4.7E-10 
4.7E-10 
4.6510 
6.4E-10 
6.4E-10 
2.2E-10 
1.7E-10 

I . I E - O ~  i 

2.1 E - 1 0  
6.2E-11 
1.2E-10 

9.6E- 1 1 
1.4E-10 
1.2E-10 
6.2E-11 ' 
9.1E-11 
9.6E-11 
1.3E-10 , 

3.9E-11 
7.4E-11 ' 
3.8E-11 

1 

2.8 
2.8 
2.9 
2.8 
2.6 
2.9 
2.8 
2.8 
2.9 
2.6 
2.8 
2.6 
2.8 
2.6 
2.6 
2.7 
2.7 
2.6 
2.6 
2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.4 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.4 
2.2 
2.3 
2.2 
2.1 
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Pmthw.r-8o.dRc Dol.. Asoodaed wkh Routlne Alhome R e b w  of Oepbted Uranlum 
Sector 4 
(1953 - 1989) 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1980 
1981 
1982 
1963 
1964 
1965 
1966 
1967 
1988 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Inhalation 
GM (Sv/year) GSD 

1.3E-08 
1.3E-08 
2.1 E-08 
1 .OE-08 
7.4E-09 
1.8E-08 
2.7E-09 
3.8E-09 
5.3E-09 
3.8E-09 
5.OE-09 
2.4E-09 
2.8E-09 
1.4E-09 
1.4E-09 
1.4E-09 
1.6E-09 
2.OE-09 
5.9E-10 
4.3E-10 
5.5E-10 
9.4E-11 
2.8E-10 
1.3E-10 
2.OE-10 
3.4E-10 
2.7E-10 
1.8E-10 
1.8E-10 
2.OE-10 
3.1 E-10 
5.8E-11 
4.OE- 10 
3.OE-11 
1.3E-10 
9.4E-11 
2.8E-11 

3.0 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
3.0 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.9 
2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.7 
2.9 
2.9.  
2.9 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 

Soil Ingestion 
GM ISvlyeer) GSD 

3.7E-13 
8.351 3 
1.6E-12 
2.05 12 
2.3E-12 
2.9E-12 
3.OE-12 
3.1512 
3.4E-12 
3.5E-12 
3.7E-12 
3.8E-12 
3.9E-12 
4.OE-12 
4.OE-12 
4.1 E-1 2 
4.1E-12 
4.2E-12 
4.2E-12 
4.2E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3512 
4.3E-12 
4.3E-12 
4.4E-12 
4.4E-12 
4.4E-12 
4.4E-12 
4.4E-12 

4.5 
3.7 
4.0 
4.0 
3.8 
4.2 
3.9 
3.5 
3.7 
3.8 
3.8 
3.8 
3.6 
3.8 
3.7 
3.7 
3.6 
4.1 
4.0 
3.7 
3.8 
3.8 
3.8 
3.8 
3.5 
3.7 
3.9 
3.6 
3.9 
3.8 
3.9 
3.8 
3.9 
4.0 
3.8 
3.5 
3.8 

Vegetable Ingestion 
GM (Svlyesr) GSD 

4.9E-11 
4.9E-11 
8.3E-11 
4.1E-11 
3.OE-11 
6.551 1 
1.3E-11 
1.6E-11 
2.3E-11 
1.7E-11 
2.2E-11 
1.1E-11 
1.3E-11 
7.5E-12 
7.5E-12 
7.5E-12 
8.5E-12 
9.7E-12 
4.OE- 12 
3.4E-12 
4.OE-12 
1.751 2 
2.7E-12 
2.OE-12 
2.3E-12 
3.OE-12 
2.6512 
2.2E-12 
2.2E-12 
2.3E-12 
2.9E-12 
1.5E-12 
3.3E-12 
1.451 2 
1.9E-12 
1.6E-12 
1.3E-12 

3.7 
3.8 
3.9 
3.7 
3.6 
3.6 
3.8 
3.8 
3.6 
3.8 
3.4 
3.3 
3.4 
3.2 
3.4 
3.3 
3.2 
3.4 
3.4 
3.1 
3.4 
3.4 
3.3 
3.3 
3.2 
3.2 
3.2 
3.3 
3.2 
3.3 
3.4 
3.5 
3.2 
3.5 
3.2 
3.6 
3.5 

Ground Exposure 
GM (Sv/year) GSD 

1.4E-13 

6.1F 13 
3.2E-13 

7.6E-13 
8.7E-13 
1.1 E-1 2 
1.2E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.4E-12 
1.5E-12 
1.5E-12 
1.5E-12 

, 1.5E-12 
1.6E-12 
1 .BE-1 2 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.7E-12 
1.7E-12 
1.7E-13 
1.7E-12 
1.7E-12 
1.7E-12 

1.7E-12 
1.7E-12 

1.7E-12 
1.7E-12 
1.7E-12 
1.7E-12 
1.7E-12 

2.5 
2.1 
2.1 
2.1 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

lmmeralon 
GM ISvlyaar) GSD 

8.951 8 
6.9E-18 
1 .2E-l7 
5.6E-18 
4.1 E-1 8 
9 .OE- 18 
1.5E-18 
2.OE-18 
2.9E-18 

2.8E-18 
1.3E-18 
1.5E-18 
7.7E-19 
7.7E-19 
7.7E-19 
9.OE-19 
1.1E-18 
3.2E-19 
2.4519 
3.OE-19 
5.2E-20 
1.8E-19 
8.9E-20 
1.1 E-1 9 
1.8E-19 
1.6E-19 
8.8E-20 
9.9E-20 
1.1 E-1 9 
1.7E-19 
3.1E-20 
2.2E-19 
1.6E-20 
6.9E-20 
5.2E-20 
1.4E-20 

2.1 E-1 8 

2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.1 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 

NOTES: 
1) E-01 le the same as the value divided by 10'; E-02 is the same 8s the value divided by 1W; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 
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PothwwSpeclk Dotet Assodated with Routlrw Ahboma Retene of Depleted Umnlum (contlnwd) . s e a m 4  
(1953 - 1989) 

7.6509 
1.7E-06 
2.9E-09 
3.M-09 
6.6E-09 
4.OE-09 
6.3E-09 
2. BE-09 
3.OE-09 
1.6E-09 
1.M-09 

1963 
1954 
1965 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1962 
1983 
1984 
1985 
1986 
1987 
1988 
1969 

Wheat Ingestion 
GM (Svlyearl GSD 

6.5E-14 
1.6E-13 
2.8E-13 
3.6E-13 
4.OE-13 
5.1 E-1 3 
5.3E-13 
5.5E-13 
5.9E-13 
6.2E-13 
6.6E-13 
6.7E-13 
6.9E-13 
7.OE-13 
7.1E-13 
7.2E-13 
7.3E-13 
7.4E-13 
7.5E-13 
7.5E-13 
7.6E-13 
7.5E-13 
7.6E-13 
7.6E-13 
7.6E-13 
7.6E-13 
7.6E-13 
7.M-13 
7.7E-13 
7.6E-13 
7.7E-13 
7.7E-13 
7.7E-13 
7.7E-13 
7.7E-13 
7.6E-13 
7.7E-13 

4.6 
4.5 
4.5 
4.0 
4.3 
4.2 
4.4 
4.0 
3.8 
4.4 
4.0 
4.1 
4.2 
4.0 
3.9 
4.1 
4.0 
4.2 
3.9 
4.1 
4.2 
4.1 
3.9 
4.2 
4.1 
4.0 
4.2 
4.1 
3.6 
4.2 
4.2 
4.1 
3.7 
4.1 
4.1 
4.0 
4.1 

Milk Ingestion 
GM (Svlyear) GSD 

2.OE-11 
2.3E-11 
3.9E-11 
2.3E-11 
2.OE-11 
3.7E-11 
1.4E-11 
1.6E-11 
2.OE-11 
1.8E-11 
2.1E-11 
1.M-11 
1.7E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.6E-11 
1.6E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1 .251 1 
1.2E-11 
1.3E-11 
1.2E-11 
1.3E-11 
1 .ZE-l  1 
1.2E-11 
1.2E-11 
1.2E-11 

5.3 
5.5 
5.0 
4.8 
4.6 
5.4 
4.9 
4.2 
4.8 
4.9 
4.5 
4.2 
4.2 
4.8 
4.6 
4.3 
4.6 
4.6 
4.4 
4.3 
4.4 
4.4 
4.7 
4.4 
4.7 
4.5 
4.7 
4.4 
4.7 
6.0 
4.5 
4.3 
4.6 
4.7 
4.5 
4.7 
4.6 

Beef Ingestion 
GM (Svlyear) GSD 

6.9E-12 

1.lE-11 
6.5E-12 
5.7E-12 
1.OE-11 
3.9E-12 
4.5E-12 
5.5E-12 
5.OE-12 

6.4~-1'2 

5.7E-12 
4.3E-12 
4.7E-12 
3.w-12 
3.8E-12 
3.6E-12 
4.1 E-1 2 
4.4E-12 
3.4E-12 
3.3E-12 
3.4E-12 
3.OE-12 
3.2E-12 
3.1E-12 
3.2E-12 
3.3E-12 
3.2E-12 
3.1E-12 
3.2E-12 
3.2E-12 
3.3E-12 
3.1E-12 
3.4E-12 
3.1E-12 
3.2E-12 
3.1Ei12 
3.1E-12 

4.9 
4.6 
4.7 
4.5 
4.4 
4.3 
4.1 
4.2 
4.1 
4.3 
4.4 
4.2 
3.9 
3.6 
4.3 
3.9 
3.9 
4.1 
4.0 
4.4 
4.2 
4.5 
4.1 
4.2 
4.5 
4.3 
4.2 
4.3 
4.4 
4.5 
4.3 
4.2 
4.2 
4.6 
4.7 
4.6 
4.2 

NOTES: 
1) E-01 is the 5 a m  e5 the velue divided by 10': E-02 is the same as the value divided by 1 0 :  etc. 
2) GM - Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv Q 100  rem 
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r 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

3.2E-12 
7.1 E-1 2 
1.4E-11 
1.7E-11 
1.9E-11 
2.5E-11 
2.6E-11 
2.7E-1 1 
2.9E-11 
3.051 1 
3.2E-11 
3.2E-11 
3.3E-11 
3.451 1 
3.4E-11 
3.5E-11 
3.5E-11 
3.6E-11 
3.6E-11 
3.6E-11 
3.7E-11 
3.751 1 
3.7E-11 
3.751 1 
3.7E-11 
3.7E-11 
3.7E-11 
3.7E-11 
3.751 1 
3 .751 1 
3.7E-11 
3.7E-11 
3.7E-11 
3.7E-11 
3.7E-11 
3.6E-11 
3.8E-11 

3.9 
3.4 
3.0 
3.1 
3.3 
3.1 
3.3 
3.2 
3.1 
3.2 
3.0 
3.1 
3.0 
3.2 
3.2 
3.1 
3.0 
3.0 
3.1 
3.2 
3.2 
3.1 
3.3 
3.2 
3.1 
3.2 
3.1 
3.2 
3.2 
3.1 
3.1 
3.0 
3.0 
2.9 
3.2 
3.2 
3.2 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

1.7521 
3.9E-21 
7.5E-21 
9.3521 
1.1 E-20 
1.4E-20 
1.4E-20 
1.5E-20 
1.6E-20 
1.M-20 
1.7520 
1.6E-20 
1.8E-20 
1.9E-20 
1.9E-20 
1.9E-20 
1.9520 
2.OE-20 
2.OE-20 
2.OE-20 
2.OE-2G 
2.OE-20 
2.OE-20 
2.OE-20 
2.OE-20 

2.OE-20 
2.OE-20 
2.OE-20 
2.OE-20 
2.OE-20 
2 .OE .20 
2.1 E-20 
2.1 E-20 
2.1 E-20 
2.1E-20 

: 2.1E-20 

2.0520 

3.1 
2.8 
2.6 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.4 
2.4 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.4 
2.5 
2.5 
2.5 

~ ~ 

I 
Totd'Dose 

GSD GM (Svlyear) 

2.9 
2.6 
2.6 
2.8 
2.9 
2.6 
2.7 
2.9 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.7 
2.6 
2.4 
2.4 
2.2 
2.4 
2.3 
2.3 
2.4 
2.3 
2.2 
2.3 ' 

2.3 
2.4 
2.1 
2.4 
2.2 
2.2 
2.2 
2.2 



Pmthway-SpedRc Doses Aaaodated wkh Routine Airborne R d e ~ e  of Depleted Urndun 
sector 6 
(1963 - 19891 

Year - 
1963 
1964 
1955 
1958 
1967 
1968 
1969 
1960 
1961 
1982 
1983 
1984 
1966 
1988 
1967 
1988 
1989 
1970 
1971 
1972 
1973 
1974 
1976 
1978 
1977 
1978 
1979 
1980 
1981 

1983 
1984 
1986 
1986 
1987 
1988 
1989 

1982 

- 

Inhalation 
G M  (Svlyear) GSD 

3.7E-09 
3.7E-09 
8.2E-09 
3.OE-09 
2.2E-09 
4.8E-09 
8.1E-10 
1 . 1  E-09 
1..8E-O9 
1.1E-09 
1.6E-09 
7.2E-10 
8.3E-10 
4.1 E - 1 0  
4.2E-10 
4 . 2 5  10 
4.8510 
6.8E-10 
1.7E-10 
1.3E-10 
1.8E-10 
2.8E-11 
8.3E-11 
3.7E-11 
6.8E-11 
9.9E-11 
7.851 1 
4 . 8 E - 1 1  
5.3E-11 
6.8E-11 
9.2E-11 
1.7E-11 
1.2E-10 
8.8E-12 
3.7E-11 
2.8E-11 
7.6E-12 

2.9 
3.0 
2.7 
2.9 
2.8 
2.9 
3.0 
2.8 
2.8 
2.9 
2.8 
2.7 
2.8 
2.9 
2.9 
2.8 
3.0 
2.9 
3.1 
2.9 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
3.0 
2.8 
3.0 
2.8 
2.8 
2.8 
2.9 
2.8 

Soil Ingestion 
GM ISvlyear) GSD 

l . lE-13 
2.5E-13 
4.7E-13 
5.8E-13 
6.7E-13 
8.5E-13 
8.8E-13 
9.2E-13 
9.8E-13 
1.OE-12 
1 . 1  E-1 2 
1 . 1  E- 1 2 
1.1E-12 
1.2E-12 
1.2E-12 
1.251 2 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 

4.9 
4.2 
4.1 
4.0 
3.9 
3.9 
3.8 
3.9 
3.7 
3.8 
3.7 
3.6 
3.9 
3.9 
3.6 
3.7 
3.8 
3.6 
3.9 
3.9 
3.8 
3.8 
3.8 
3.6 
3.8 
3.7 
3.6 
3.5 
3.4 
3.8 
3.6 
3.9 
3.6 
3.8 
3.8 
3.7 
3.7 

Vegetable Ingestion 
GM (Svlyeerl GSD 

1.4E-11 
1.4E-1 1 
2.5E-11 
1.2E-11 
8.9E-12 
1.9E-11 
3.7E-12 
4.7E-12 
6.7512 
4.9E-12 
8.451 2 
3.4E-12 
3.951 2 
2.2E-12 
2.3E-12 
2.2E-12 
2.5E-12 
2.9E-12 
1.2E-12 
1 .OF12 
1.2E-12 
6.1E-13 
8.OE-13 
5.7E-13 
6.8E-13 
8.8E-13 
7.9E-13 
8.2E-13 
6.651 3 
6.8513 
8.6E-13 
4.5E-13 
9.8E-13 
4.051 3 
6.7E-13 
6.3E-13 
3.9E-13 

4.0 
3.8 
3.9 
4.0 
3.7 
3.9 
3.4 
3.3 
3.5 
3.5 
3.8 
3.4 
3.7 
3.4 
3.3 
3.8 
3.2 
3.5 
3.3 
3.1 
3.0 
3.6 
3.1 
3.3 
3.4 
3.3 
3.4 
3.6 
3.4 
3.4 
3.3 
3.3 
3.3 
3.7 
3.3 
3.3 
4.0 

NOTES: 
11 E-01 la the same 18 the value divided by 10'; E-02 is the same a11 the value divided by 10'; etc. 
21 GM - Geometric Mean 
3) GSD Geometric Standard Deviation 
4) Sv - Sievert: 1 Sv = 1 0 0  rem 
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Ground Exposure 
GM (Svlyear) GSD 

4.2E-14 2.6 
9.5E-14 2.3 
1 .BE-1 3 2.2 
2.2E-13 2.1 
2.6E-13 2.1 
3.3E-13 2.0 
3.4E-13 2.0 
3.5E-13 2 .0  
3.8E-13 2.0 
3.9E-13 1.9 
4.2E-13 2.0 

4.4E-13 2.0 
4.5E-13 1.9 
4.6E-13 2.0 
4.6E-13 2.0 
4.7E-13 2.0 
4.8513 2.0 
4.8E-13 2.0 
4.8E-13 . 2.0 
4.8E-13 2.0 
4.8E-13 . 1.9 
4.8E-13 2.0 
4.8E-13 1.9 
4.9E-13 1.9 
4.9E-13 2.0 
4.9E-13 2.0 
4.9E-13 1.9 
4.9E-13 2.0 
4.9E-13 2.0 
4.9E-13 2.0 
4.9E-13 1.9 
4.9E-13 1.9 
4.9E-13 2.0 
5.OE-13 2.0 
4.9E-13 2.0 
4.9E-13 1.9 

4.3E-13 1 :9 

Immersion 
GM (Svlysarl GSD 

2.OE-18 
2.OE-18 
3.4518 
1.8E-18 
1.2E-18 
2.7E-18 
4.4519 
6.8519 
8.6E-19 
8.1 E-19 
8.1 E-1 9 
3.9E-19 
4.8E-19 
2.3E-19 
2.3E-19 
2.3E-19 
2.7519 
3.2E-19 
9.6E-20 
7.OE-20 
8.9E-20 
1.6E-20 
4.8E-20 
2.OE-20 
3.2E-20 
6.6E-20 
4.3520 
2.6E-20 
2.9E-20 
3.2E-20 
6.1E-20 
9.1E-21 
8.5E-20 
4.8E-21 
2.OE-20 
1.5E-20 
4.2E-21 

2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 



Pathway-Spedfk Dorm Assoctated with R w t l m  Alrbome Release of Depleted Uranium (continued) 
Sector 5 
(1953 - 1989) 

1 .?E- 12 5.2 
1.9E-12 4.7 
3.3E-12 . 5.2 
2.OE- 12 4.5 
1.7E-12 4.5 
3.1E.12 4.6 
1.1E-12 4.5 
1.3E-12 4.4 
1.6E-12 4.5 . 
1.4E-12 4.2 
1.7E-12 4.1 
1.3E-12 4.0 
1.4E. 12 4.1 
1.1E-12 4.1 
1.lE-12 4.2 

4.4 1.2E-12 
4.2 1.2E- 12 

1.3E-12 4.0 
1.OE-12 4.1 
9 . X - 1 3  4.3 
1.OE-12 4.3 
8.9E-13 4.4 
9.5E-13 4.5 
9.1E-13 4.4 
9.3E-13 3.9 
9.6E-13 4.2 
9.5E-13 4.3 
9.3E-13 3.9 
9.3E-13 ' 4.1 
9.5E-13 4.3 
9.7E-13 4.3 
9.OE- 13 4.3 
1.OE-12 4.3 
8.9E-13 4.5 
9.3E-13 4 .O I 9.1E-13 4.2 

, 9.OE-13 4.4 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyearl GSD 

1.9E-14 4.8 
4.3E-14 4.2 
8.3E-14 4.3 
1.OE-13 4.3 
1.2E-13 4.2 
1.6E-13 4.2 
1.6E-13 4.3 
1.6E-13 4.0 
1.7E-13 4.1 
1.8E-13 4.3 
1.9E-13 3.8 
2.OE-13 4.1 
2.OE-13 4.6 
2.1E-13 4.2 
2.1E-13 4.4 
2.1E-13 4.2 
2.1E-13 3.9 
2.2E-13 4.0 
2.2E-13 4.0 
2.2E-13 4.1 
2.2E-13 4.1 
2.2E-13 4.4 
2.2E-13 4.0 
2.2E-13 4.3 
2.2E-13 4.1 
2.2E-lq3 4.2 
2.2E-13 4.2 
2 .X -13  4.1 
2.3E-13 4.1 

2.3E-13 4.0 
2 .X -13  4.1 
2.3E-13 3.7 
2.3E-13 , 4.1 
2.3E-13 4.0 
2.3E-13 4.0 
2.X-13 4.3 

.2.2E-1.3 4.3 

Milk Ingestion 
GM ISv/year) GSD 

6.OE- 12 5.1 
6.76-12 5.3 
1.2E-11 5.4 
7.OE- 12 4.9 
6.OE-12 4.5 
1.1E-11 4 . 7 .  
4.2E-12 4.4 
4.9E-12 4.4 
5.9E-12 4.6 
5.2E-12 4.8 
5.9E-12 4.5 
4.7E-12 4.4 
5.1 E-1 2 5.1 
4.2E-12 4.6 
4.2E-12 4.4 
4.3E-12 4.3 
4.5E-12 4.3 
4.7E-12 4.5 
3.8E-12 4.7 
3.7E-12 4.6 
3.8E-12 4.5 

3.6E-12 5.1 
3.5E-12 4.5 
3.5E-12 4.3 
3.7E-12 4.5 
3.6E-12 4.5 
3.5E-12 . 4.6 
3.6E- 12 4.4 
3.6E-12 : 4.8 
3.7E.12 4.7 
3.4E-12 4.7 
3.8E-12 4.6 
3.4E-12 4.9 
3.5E-12 4.5 
3.5E-12 4.6 
3.4E-12 4.5 

3.4E-12 4.9 

Inhalation of 
Resuspended Particulates 
GM ISvlyearl GSD 

9.4E-13 3.7 
2.1 E-1  2 3.6 
4.OE.12 3.5 
5.OE-12 3.2 
5.7E.12 3.3 
7.3E-12 3.3 
7.6E-12 3.2 
7.9E-12 3.3 
8.4E-12 3.2 
8.8E-12 3.2 
9.3E-12 3.1 
9.6E-12 3.1 
9.8E-12 3.2 
9.9E-12 3.1 
1.OE.11 3.2 
1.OE-11 3.2 
1 .OE-1 1 3.2 
1.lE-11 3.2 . 
1.lE-11 3.3 
1.lE-11 3.3 
1.1E-11 3.1 
1.lE-11 3.3 
1.1E-11 3.2 
1.lE-11 3.1 
1,lE-11 3.2 
1.lE-11 3.2 

- 1.1E-11 3.2 
1.lE-11 2.9 
1.1E-11 3.2 
1.1E-11 3.1 
1.1E-11 3.1 
l.lE.11 2.9 
1.1E-11 3.1 
1.1E-11 3.2 
1.1E-11 3.3 
1.1E.11 3.4 
1 . l E - 1 1  3.2 

1 

Immersion in 
Resuspended Particulates 
GM ISvlyear) GSD 

5.1E-22 3.'1 
1.2E-21 2.9 
2.2E-21 2.8 
2.7E-21 2.7 
3.2E-21 2.6 
4.OE.21 2.6 
4.2E-21 2.6 
4.4E-21 2.6 
4.6E-21 2.6 
4.8E-21 2.6 
5.1E.21 2.6 
5.2E-21 2.5 
5.4E-21 2.5 
5.5E-21 2.5 
5.5E-21 2.6 
5.6E-21 2.6 
5.7E-21 2.5 
5.8E-21 2.4 
5.9E-21 2.6 
5.9E-21 2.6 
5.9521 2.5 
5.9E-21 . 2.5 

5.9E-21 2.5 
5.9E-21 2.6 
6.OE-21 2.7 
6.OE-21 2.5 
6.OE-21 2.5 
6.OE-21 2.6 
6.OE-21 , 2.7 
6.OE.21 2.5 
6.OE-21 2.5 
6.OE-21 2.6 
6.OE-21 2.5 
6.OE.21 2.6 
6.OE-21 2.5 
6.OE-21 2.5 

5.9E-21 2.5 

3.8E.09 ' 2.9 
6.4E-09 I 2.6 
3.1E-09 1 2.8 
2.3E.09 2.7 
5.OE-09 2.9 
8.5E- 10 ' 2.9 

1.6E-09 1 2.7 
1.2E-09 2.8 
1.5E-09 
7.7E-10 , I 2.8 
9.OE-10 I 2.7 
4.6E-10 1 2.7 
4.6E-10 I 2.7 

l . lE-09 1 2.7 

4.6E-10 1 2.7 
5.4E-10 1 2.7 

2.2E-10 1 2.7 
1.7E-10 ' 2.5 
2.OE-10 1 2.5 
6.1E-11 ' 2.3 
1.2510 ' 2.4 
7.2E-11 1 2.3 
9.5E-11 1 2.3 
1.4E-10 
1.2E-10 

9.1E-11 I 2.2 

6.3E-10 I 2.7 

i ::: 
8.2E-11 1 2.2 

9.6E-11 1 2.4 
1.3E-10 2.4 

1.6E-10 1 2.4 
3.9E-11 1 2.3 

6.2E-11 1 2.3 
3.7E-11 ' 2.2 

4.9E-11 I 2.1 

7.3E-11 I 2.2 

1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by lo'; etc 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

0 



Pathwsy-Spedfk Dorer Aimdated with Routine Airborne Rebase 01 0 spleted Uranlum 
Sector 6 
(1953.  1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyear) GSD 

1.7E-09 2.7 
1.7E-09 2.7 
2.8E-09 ' 2.9  
1.4E-09 2.8 
1 .OE-09 2.9 
2.2E-09 2.8 

4.8E-10 2.9 
7.1 E-10 2.9 
5.OE- 10  2.8 
6.7E-10 ' 3.0 
3.2E-10 2.8 
3.8E-10 2.9 
1.9E-10 2.8 
1.9E-10 2.8 
1.9E-10 2.8 
2.2E- 10  2.8 
2.6E-10 2.9 
7.9E-11 2.9 
5.8E-11 2.8 
7.4E-11 3.0 
1.3E-11 2.8 
3.8E-11 2 .9  
1.7E-11 2.8 
2.6E-11 2.7 
4.5E-11 2.8 
3.6E-11 2.8 
2.1E-11 . 2.9 
2.4E-11 2.8 
2.6E-11 2.9 
4.2E-11 2.8 
7.6E-12 2.9 
5.4E-11 3.0 
4.OE-12 ' 2.9  
1.7E-11 2.9 
1.3E-11 2.8 
3.5E-12 2.8 

3.7E.10 2.a 

Soil Ingestion 
GI  ;D 

5.OE.14 4.4 
1.1 E-1 3 4.2 
2.1E-13 3.6 
2.7E-13 3.3 
3.1E-13 3.3 
3.9E-13 3.3 
4.OE-13 3.:) 
4.2E-13 3.1; 
4.5E.13 3:r 
4.7E-13 3.11 
4.9E-13 3.11 
5.OE- 13 3.1; 
5.2E-13 4.(1 

5.4E-13 3 . f  
5.4E-13 3.€ 
5.5E-13 3.f 
5.7E-13 3.6 

5.7E-13 3.8 
5.7E-13 3.8 
5.7E-13 3.9 
5.7E-13 3 .9  
5.7E-13 3.7 
5.7E-13 3.8 
5.8E- 13 3.8 
5.8E-13 3.6 
5.8E-13 4.0 
5.8E-13 3.9 
5.86-13 3.9 
5.8E-13 3.9 
5.8E-13 3.7 
5.9E-13 3.7 
5.8E.13 3.6 
5.8E-13 3.5 
5.9E-13 3.8 
5.9E-13 3.6 

- GM (Svlyear) 

5.3E.13 3.; 

5.7E-13 4.a 

Vegetable Ingestion 
GM (Svlyear) GSD 

6.6E-12 4 . 0  
6.6E.12 3.8 
1.1E.11 3.9 
5.5E.12 3.5 
4.1 E-1 2 3.7 
8.8E-12 3.6 
1.7E-12 3.6 
2.1E-12 3.7 
3.OE-12 3.6 
2.2E-12 3.7 
2.9E-12 3.9 
1.5E-12 3.4 
1.8E-12 3.5 
1 .OE-l2 3.2 
1.OE-12 3.4 
1.OE-12 3.5 
1.1E-12 3.4 
1.3E-12 3.6 
5.6E-13 3.3 
4.5E-13 3.2 

. 5.4E-13 3.3 
2.3E-13 3.4 
3.7E-13 3.3 
2.6E-13 3.3 
3.1 E-1 3 3.2 

' 4.1E-13 3.3 
3.6E-13 3.3 
2.8E-13 3.3 
3.OE-13 3.2 
3.1E-13 3.4 
4.OE.13 3.2 

3.6  2.1E-13 
4.5E-13 3.4 
1.8E-13 3.5 
2.6E-13 3.3 
2.4E-13 3.5 
1.8E-13 3.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E.02 i s  the same as the vi lue divided by 10'; elc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM (Svlyearl GSD 

1.9E-14 2.6 
4.3E-14 2.2 
8.2E- 14 2.1 
1.OE.13 2.1 
1.2E-13 2.0 
1.5E-13 2.0 
1.5E-13 2.0 
1.6E.13 2.0 
1 . 7 5 1  3 2.0 
1.8E-13 1.9 
1.9E-13 2.0 
2.OE-13 1.9 
2.OE.13 2.0 
2.OE-13 2.0 
2.1E-13 2.0 
2.1E-13 1.9 

2.0 2.1 E-1 3 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 2.0 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 2.0 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.2E-13 1.9 
2.3E-13 1.9 
2.3E-13 1.9 
2.3E.13 1.9 
2.3E-13 1.9 

Immersion 
GM (Sv/year) GSQ 

9.3E-19 2.3 
9.2E-19 2.2 
1.6E-18 2.3 
7.5E- 19 2.2 
5.56-19 2.2 
1.2E-18 2.2 
2.OE-19 2.2 
2.7E- 19 2.2 
3.9E-19 2.3 
2.8E-19 2.3 
3.7E-19 2.3 
1 .8E-19 2.2 
2.1 E-19 2.2 
1 .OE- 19 2.2 
1.OE-19 2.2 
1 .OE-19 2.3 
1.2E-19 2.2 
1.4E-19 2.3 
4.3E-20 2.3 
3.2E-20 2.3 
4.OE-20 2.2 
6.9E-21 2. I 
2.1 E-20 2.2 
9.3E-2 1 2.2 
1.4E-20 2.2 
2.5E-20 2.2 
2.OE-20 2.2 
1 .2E-20 2.3 
1.3E-20 2.3 
1.4E-20 2.3 
2.3E-20 2.3 
4.2E-21 2.3 
2.9E-20 2 .2  
2.2E-21 2.3 
9.3E-21 2.3 
6.9E-21 2.2 
1.9E-21 2.2 



PsthwwSpsci f ic  D w r  Aaaocbted with R o u t h  Airbome Retease of Depleted Ursnlum Icontlnued) 
Sector 8 
I1953 . 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
198, 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

1959 

Wheat Ingestion 
G M  ISvlyear1 GSD 

8.8E-15 
2.OE-14 
3.8E-14 
4.7E- 14 
5.4E-14 
6.9E-14 
7.1E-14 
7.4E-14 
7.9E-14 
8.3E-14 
8.8E-14 
9.OE-14 
9.2E-14 
9.3E-14 
9.5E- 14 
9.6E-14 
9.8E-14 
9.9E-14 
1.OE-13 
1 .OE-13 
1 .OE-13 
1.OE-13 
1 .OE-13 
1 .OE-l3 
1 .OE-l3 
1.0513 
1.OE-13 
1.OE-13 
1.OE-13 
1 :OE. 1 3 
1.OE-13 
1 .OE-l3 
1.OE-13 
1 .OE-l3 
1.OE-13 
1.OE-13 
1.OE-13 

4.8 
4.2 
4.0 
4.2 
3.9 
4.2 
4.1 
4.2. 
4.1 
4.1 
4.4 
4.2 
4 .2  
4.1 
4.1 
3.9 
4.1 
3.8 
4.3 
4.0 
3.8 
4.3 
4.1 
4.3 
3.8 
4.2 
4.2 
3.9 
4.1 
4.0 
4.0 
4.0 
4.3 
3.9 
3 .9  
4.2 
4.2 

~~ - 

Milk Ingestion 
G M  ISvlyearI GSD 

2.8E-12 
3.OE-12 
5.3E-12 
3.2E-12 
2.7E-12 
5.OE-12 
1.9E-12 
2.2E-12 
2.7E-12 
2.3E-12 
2.8E-12 
2.1512 
2.3E-12 
2.OE-12 
1.9E-12 
2.OE-12 
2.OE.12 
2.1 E-1 2 
1.7E-12 
1.7E-12 
1.7E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.7E-12 
1.6E.12 
1.6E-12 
1.6E-12 
1.6E-12 
1.7E-12 
1.6E-12 
1.7E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 

5.1 
5 . 0  
5 .6  
4.6 
5 . 0  
5.0 
4.8 
4.6 
4.3 
4.6 
4.6 
4.5 
4.3 
4.6 
4 .6  
4 .5  
4 .6  
4.2 
4.9 
4 .6  
4.5 
4 .6  
5 .0  
4.6 
4 .6  
4.8 
4.9 
4.5 
4.6 
4.8 
4 .9  
4.8 
4.9 
4.4 
4.8 
4.6 
4.9 

Bee1 Ingestion 
GM ISvlyearl GSD 

7.8E-13 

1.5E-12 
8.7E.13 

9.OE-13 
7.6E-13 
1.4E-12 
5.2E-13 
6.OE-13 
7.5E-13 
6.4E-13 
7.6E-13 
5.8E-13 
6.2E-13 
5.2E-13 
5.2E-13 
5.2E-13 
5.4E-13 
5.8E.13 
4.6E-13 
4.4E-13 
4.6E- 13 
4.1E-13 
4.3E-13 
4.2E-13 
4.2E-13 
4.4E-13 
4.3E-13 
4.2E-13 
4.3E-13 
4.3E-13 
4.5E-13 
4.1E-13 
4.5E.13 
4.1E-13 
4.2E-13 
4.2E-13 
4.1E-13 

4.9 
4.8 
5 .2  
4.5 
4 . 1  
4.2 
4.1 
4.1 
4.1 
4.1 
4 .0  
4.1 
4.0 
4.4 
4.1 
4.4 
4.0 
4 . 0  
4.4 
4.1 
4.4 
4.7 
4 .1  
4.2 
4 .0  
4.4 
4.2 
4.4 
4.6 
4.1 
4.2 
4.5 
4.3 
4.5 
4.3 
4.5 
4.6 

NOTES: 
1) E - 0 1  is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100  rem 

Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

4.3E-13 
9.6E-13 
'1 .8E-l2 

2.6E-12 
2.3E-12 

3.3E-12 
3.4E-12 
3.6E- 12 
3.9E-12 
4.OE-12 
4.2E-12 
4.3E-12 
4.5E-12 
4.5E-12 

4.7E-12 
4.6E-12 

4.7E-12 
4.8E-12 
4.8E-12 
4.9E-12 
4.9E-12 

4.9E-12 
4.9E-12 

4.96-12 
4.9E-12 
4.9E-12 
5.OE-12 
5.OE-12 
5.OE-12 
5.OE.12 
5.OE-12 
5.OE-12 
5.OE.12 
5.OE-12 
5.OE-12 
5.OE-12 
5.OE.12 

3.9 
3.4 
3.5 
3.3 
3.2 
3.2 
3.1 
3.3 
3.1 
3.2 
3.2 
3.0 
3.2 
3.2 
2.9 
3.1 
3.3 
3.2 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
2.9 
3.2 
3 .0  
3.1 
3.2 
3.1 
3.1 
3 .0  
3.1 
3.2 

Immersion in ~ 

Resuspended Particulates 
G M  ISvlyearl GSD 

2.3E-22 
5.3E-22 
1 .OE-21 
1.3E-21 
1.4E-21 
1.8E-21 
1.9E-21 
2.OE-21 
2.1E-21 
2.2E-21 
2.3E-21 
2.4E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.6E-21 
2.6E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-2 1 
2.7E.21 
2.8E-21 
2.8E-21 
2.8E-21 
2.8E-21 
2.8E-21 

3.4 
2.9 
2.7 
2.6 
2.8 
2.6 
2.7 
2.5 
2.8 
2.7 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.7 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.4 
2.5 
2.6 
2.6 

I 
Total Dose 

GM (Svlvear) I GSD 
I 

1.7E-09 
1.7E-09 
2.9E.09 
1.4E-09 
1 .OE-09 
2.3E-09 
3.9E- 10  
5.1E-10 
7.4E-10 
5.3E- 10 
7.1E.10 
3.5E-10 
4.OE-10 
2.1E-10 
2.lE-10 
2.1E-10 
2.4E- 10  
2.9E-10 
1.OE-10 
7.7E-11 
9.3E-11 
2.8E-11 
5.6E-11 
3.2E-11 
4.3E-11 
6.4E-11 
5.4E-11 
3.8E-11 
4.1E-11 1 
4.3E-11 i 
6.1E-11 1 
2.3E-11 , 
7.3E.11 
1 . B E - l  1 I 

2.8E-11 I 
3.3E-11 1 
1.7E-11 I 

2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.7 
2.9 
2.7 
2.8 
2.6 
2.6 
2.6 
2.6 
2.7 
2.5 
2.4 
2.8 
2.3 
2.4 
2.2 
2.3 
2.4 
2.3 
2.2 
2.3 
2.3 
2.4 
2.2 
2.5 
2.1 
2.2 
2.2 
2.2 

I 

I 
I 

I I 
I 

I 

I 

I 

i 
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Psthway.Spedflc Doses Associated with Routine Airborne Release o I Depleted Ursnlum 
Sector 7 
11953.1989)  

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

NOTES: 

Inhalation 
G M  (Svlyear) GSD 

1.6E-09 
1.6E-09 
2.8E-09 
1.3E.09 
9.7E-10 
2.1E-09 
3.6E-10 
4.7E-10 
7.OE-10 
4.9E- 10  
6.6E- 10  
3.2E- 10  
3 . 7 5  10  
1.8E-10 
1.8E-10 
1.8E-10 
2.2E-10 
2.6E- 10  
7.7E-11 
5.6E-11 
7.2E-11 
1.2E-11 
3.7E-11 
1.6E-11 
2.6E-11 
4.4E-11 
3.5E-11 
2.OE-11 
2.46.1 1 
2.6E-11 
4.1E-11 
7.4E-12 
5.2E-11 
3.9E-12 
1.6E.11 
1.2E-11 
3.4E-12 

2.8 
2.8 
2.8 
2.8, 
2.9 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 
3 .0  
2.7 
2.9 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 
2.9 
2.9 
2.8 , 

2.9 
2.9 
2 . 9  
2.8 
3 . 0  
2.8 
3.0 
2 .9  
2.9 
2.8 
2.8 
3.1 
2.8 
2.8 

Soil Ingestion 
G M  (Svlyear) GSD - 

4.8E-14 
1.1 E-1 3 
2.1E- 13 
2.6E.13 
3.OE-13 
3.8E-13 
3.9E-13 
4.1 E.13 
4.4E-13 
4.6E-13 

4.9E-13 

5.1E-13 

4.8E-13 

5.1 E-1 3 

5.2E.13 
5.3E-13 
5.4E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.6E-13 

5.6E-13 
5.6E.13 

5.6E-13 
5.6E.13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.7E-13 
5.7E- 13 
5.7E.13 
5.7E-13 
5.7E-13 
5.7E-13 
5.7E.13 

4 .6  
4 .3  
4 . 0  
4.1 
3.9 
3 .9  
3.7 
4.1 
3.8 
4 . 0  
3 .8  
3.7 
3.7 
3 .7  
3.4 
#3.7 
3.9 
'3.7 
3.8 
3.8 
3.7 
3.8 
i3.7 
: I . ?  
:l.8 
:1.9 
:1.5 
:!.6 
3.7 
3.5 
21.6 
31.5 
38.8 
3.6 
3.6 
3.8 

3 8  

Vegetable Ingestion 
G M  (Svlyearl GSD 

6.4E.12 
6.4E-12 
l . lE .11  
5.3E-12 
4.OE-12 
8.6E-12 
1.6E-12 
2.1E-12 
3.OE-12 
2.2E-12 
2.8E-12 
1.5E-12 
1.7E-12 
9.6E-13 
9.9E-13 
1 .OE-l2 
1.1E.12 
1.3E-12 
5.5E-13 
4.4E-13 
5.2E-13 
2.3E-13 
3.5E-13 
2.5E.13 
3.0E.13 
3.9E-13 
3.5E-13 
2.8E.13 
2.9E.13 
3.1 E-1 3 

2.OE-13 
4.3E-13 
1.8E-13 
2.5E-13 

3.8E-13 

2.3E-13 
1.7E-13 

3.8 
3.7 
3.4 
3 .8  
3.5 
3.7 
3.5 
3.5 
3.4 
3 .6  
3.6 
3.6 
3.7 
3.4 
3.4 
3.5 
3.5 
3.5 
3.3 
3.3 
3.3 
3.3 
3.4 
3.4 
3.2 
3.3 
3.1 
3.2 
3 .3  
3.5 
3.4 
3.6 
3.3 
3.6 
3.3 
3.4 
4 .0  

Ground Exposure 
G M  ISvlyearl GSD 

1.9E.14 
4.1 E-1 4 
8.0F. 14 
9.9E-14 
1.1 E-1 3 
1.5E-13 
1.5E-13 
1.6E-13 
1.7E.13 
1 .8E- l3 
1.9E-13 
1.9E-13 
2.OE-13 
2.OE-13 
2.OE-13 
2.OE-13 
2.1E-13 
2.1 E-1 3 
2.1E-13 
2.1 E-1 3 
2.1 E-1 3 
2.lE-13 
2.1 E.13 
2.1 E-1 3 
2.1E-13 
2.2E.13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E.13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E.13 
2.2E.13 
2.2E-13 

2.6 
2.3 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
1.9 
1.9 
2.0 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
2 .o 
2.0 
1.9 
2.0 
1.9 
1.9 
2.0 
1.9 
2 .o 
1.9 
2 .0  
1.9 
1.9 
2.0 
1.9 
1.9 

Immersion 
G M  ISvlyearI GSD 

9.OE-19 
9.OE-19 
1.5E-18 
7.3E-19 
5.3E-19 
1.2E-18 
2.OE-19 
2.6E-19 
3.8E-19 
2 . 7 5  19 
3.6E-19 
1.7E-19 
2.OE-19 
1.OE-19 
1.OE-19 
1.OE-19 
1.2E-19 
1.4E- 19 
4.2E-20 
3.1E-20 
3.9E.20 
6.8E-21 
2.OE-20 
9.OE-21 
1.4E-20 
2.4E-20 
1.9E-20 
1.1E-20 
1.3E-20 
1.4E-20 
2.2E-20 
4.OE.21 
2.9E- 20 
2.1E.21 
9.OE-21 
6.8E-21 
1.9E.21 

2.2 
2.2 
2.3 
2.3 
2.4 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 

11 E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv s 100 rem 

I 
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Pathway-Spedfic h r  Aan&td with Routine Atrborne Rdr~ese of Depleted Uranlum Iconttnued) 
Sector 7 
(1 953 . 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlvearl GSD 

8.6E-15 
1.9E.14 
3.7E-14 
4.6E- 14 
5.2E-14 
6.7E-14 
6.9E-14 
7.3E-14 
7.76-14 
8.1E-14 
8.5E-14 
8.7E- 14 
9.OE-14 
9.1 E-14 
9 . X - 1 4  
9.4E-14 
9.5E-14 
9.7E-14 
9.8E-14 
9.8E-14 
9.8E-14 
9.8E-14 
9.9E-14 
9.9E- 14 
9.9E-14 
9.9E-14 
9.9E-14 
1.OE-13 
1.OE-13 
1 .OE- 13 
1 .OE-l3 
1 .OE-l3 
1.OE.13 
1.OE-13 
1.OE-13 
1.OE-13 
1.OE-13 

4.7 
4.4 
4.4 
4.4 
4.2 
4.1 
4.2 
4.1 
4.3 
4.1 
4.2 
4.1 
4.2 
4 . 0  
4.3 
4.4 
4.1 
4.2 
4.2 
4: 1 
3.9 
'4.0 
4.2 
4.0 
4.2 
3.8 
4.1 

4.0 ' 
4.2 
4.2 
4.2 
4.4 
4.3 
4.2 
4.1 
4.0 

4.0 

Milk Ingestion 
GM (Svlyear) GSD 

2.7E-12 
3.OE- 1 2 
5.1 E-1 2 
3.1E-12 
2 .661 2 
4.9E-12 
1.9E-12 
2.2E-12 
2 6E-12 
2.3E-12 
2.7E-12 
2.1E-12 
2.2E-12 
1.8E-12 
1.9E-12 
1.9E-12 
2.OE-12 
2.1 E-1 2 
1 .7E-12 
1.7E-12 
1 .7E-12 
1.5E-12 
16E-12 
1.5E-12 
16E-12 
1.6E-12 
1.6E-12 
1.6E-12 
1.6E-12 
.l 6E-12 
1.6E-12 
1.5E-12 
1.7E-12 
1.5E-12 
1.6E-12 
1.6E-12 
1.5E.12 

5.4 
5 .6  
5.3 
5.0 
4.7 
5.2 
4.9 
4.7 
4.5 
4.8 
4.6 
4.1 
4.7 
4.4 
4.6 
4.5 
4.5 
4.5 
4.7 
4.4 
4.4 
4.7 
4.8 
4.7 
4.9 

4.4 
4.7 
4.7 
4.2 
4.5 
4.7 
4.8 
4.7 
4.8 
4.5 

* 4.6 

4 ..4 

Beef Ingestion 
GM (Svlyear) GSD 

?.?E- 13 
8.4E-13 
1.5E-12 
8.7E-13 

1.4E-12 
7.3E-13 

5.1E-13 
5.8E-13 
7.1E-13 
6.3E-13 
7.3E-13 
5.7E-13 
6.1E-13 
5.OE-13 
5.OE-13 
5.OE.13 
5.4E-13 
5.7E-13 
4.6E-13 
4.4E-13 
4.4E-13 
4.OE-13 
4.2E-13 
4.1 E-1 3 
4.1 E-1 3 
4.3E-13 
4.2E-13 
4.1 E-1 3 

4.2E- 13 
4 . 3 - 1 3  
4.OE-13 
4.4E-13 

4.1E-13 
4.lE-13 

4.1 E.13 

4.OE-13 

4.OE-13 

5.5 
4.6 
4.7 
4.6 
4 .4  
4.4 
4.1 
4.2 
4.3 
4 .0  
4.4 
4.0 
4 .3  
4.0 
3.7 
4.2 
4.1 
4.5 
4.7 
3.9 
4.4 
4.4 
4.1 
4.3 
4.3 
4.2 
4.1 
4.3 
4.3 
4.2 
4.5 
4 .6  
4.2 
4.4 
4.6 
4 .0  
4.4 

NOTES: 
1) E - 0 1  is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sieverl; 1 Sv = 1 0 0  rem 

Inhalation 01 
Resuspended Particulates 
GM ISvlvear) GSD 

4.1E.13 
9.2E-13 
1 .8E-12 
2.2E-12 
2.5E-12 
3.2E-12 
3.4E-12 
3.5E-12 
3.8E-12 
3.9E-12 
4.1E-12 
4.2E-12 
4.4E-12 
4.4E-12 
4.5E- 12 
4.6E-12 
4.6E-12 
4.7E-12 
4.7E-12 
4 .M-12 
4.8E-12 
4.8E-12 
4.86-12 
4.8E-12 
4.8E.12 
4.86-12 
4.8E-12 
4.8E-12 
4.86-12 
4 . M - 1 2  
4.9E-12 
4.9E- 12 
4.9E-12 
4.9E-12 
4.9E-12 
4.9E-12 
4.9E-12 

4 .0  
3.6 
3.4 
3.3 
3.3 
3.2 
3.3 
3.3 
3.1 
3.3 
3.3 
3.3 
3.1 
3.2 
3.2 
3.1 
3.0 
3.2 
3.2 
3.3 
3.1 
3.0 
3.0 
3.1 
3.3 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.1 
3.2 
3.0 
3.2 
3.1 
2.9 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

2.3E-22 
5.0E-22 
9.7E-22 
1.2E-21 
1.4E-21 
1.8E-21 
1.8E-21 
1.9E-21 
2.1E-21 
2.2E-21 
2.3E-21 
2.3E-21 
2.4E-21 
2.4E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.6E-21 
2.6E-21 
2.6521 
2.6E-21 
2.6E-21 
2.6E-21 
2.6E-21 
2.6E-21 
2.6E-21 
2.66-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E-21 
2.7E.21 
2.7E.21 
2.7E-21 
2.7E-21 

3.2 
2.8 
2.7 
2.6 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.4 

1 

Total'Dose/ 
GM ISvlyear) , GSD 

1.7E-09 
1.7E-09 
2.8E-09 
1.4E-09 
1 .OE-09 
2.2E-09 
3.8E-10 
5.OE-10 
7.3E- 10  
5.2E-10 
6.9E-10 
3.4E-10 
3.9E-10 
Z.1E-10 
2.1E-10 
2.1E-10 
2.4E-10 
2.8E-10 
9.7E-11 
7.5E-11 
9.1E-11 
2.7E-11 
5.4E.11 
3.2E-11 
4 . 3 5 1  1 
6.2E-11 
5.2E-11 
3.7E-11 
4.OE-11 
4.2E-11 
5.9E-11 
2.2E-11 
7.1E-11 
1.7E.11 
3 x 1  1 
2.7E-11 
1.6E-11 

1 
1 
1 

1 

1 
1 
1 
1 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 

1 

1 
1 
1 

1 

1 

1 

1 
1 
1 
1 
1 

I. 

1 
1 

1 

1 
1 
1 
1 

1 
1 

~ 

1 
1 

2.8 
2.7 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.7 
2.8 
2.8 
2.8 
2.7 
2.6 
2.6 
2.7 
2.7 
2.5 
2.5 
2.5 
2.2 
2.3 
2.3 
2.4 
2.4 
2.3 
2.3 
2.2 
2.3 
2.4 
2.1 
2.4 
2 .2  
2.3 
2 .2  
2.1 
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Pathway-Specific Doses Assocbted with Routine Alrborne Release OJ Depbted Uranium 
Sector 8 
t 1953 . 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

' 1986 
1987 
1988 
1989 - 

Inhalation 
GM (Svlyearl GSD 

5.5E-09 2.9 
5.5E-09 2.7 
9.3E-09 2.9 
4.5E-09 2.9 
3.3E-09 2.9 
7.2E-09 2.9 
1.2E.09 2.8 
1.6E-09 2.9 
2.4E-09 2.9 
1 .7E-09 2.9 
2.2E-09 2.9 
1.1 E-09 2.9 
1.2E-09 3.0 
6.2E-10 2.8 
6.2E- 10  2.9 
6.2E-10 2.8 
7.2E-10 3.0 
8.6E-10 2.8 
2.6E- 10  2.8 
1.9E-10 2.8 
2.4E.10 2.8 
4.1E-11 3.0 
1.2E-10 2.9 
5.5E-11 2.9 
8.6E-11 2.8 
1.5E-10 3.0 
1.2E-10 2.9 
6.9E.11 2.8 
7.9E-11 3.0 
8.6E-11 2.9 
1.4E-10 2.8 
2.5E-11 2.9 
1.8E-10 2.9 
1.3E-11 2.8 
5.5E-11 2.8 
4.2E.11 2.9 
1.lE-11 2.8 

Soil Ingestion 
G M  (Svlyearl G Z  

1.6E. 13 4.4 
3.7E-13 4 . 0  
7.OE-13 3.9 
8.7E.13 4.1 
1.OE-12 3.8 
1.3E-12 3.6 
1 X . 1 2  3.8 
1.4E.12 3.9 
1.5E-12 3.8 
1.5E.12 :1.6 
1.6E-12 :1.8 
1.7E.12 :1.8 
1.7E.12 3.8 
1.7E.12 3.6 
1 .BE. 12 3.9 
1.8E.12 3.6 
1.8E-12 4.1 
1.8E.12 3.9 
1.9E-12 3.6 
1.9E.12 3 5  
1.9E-12 3 6  
1.9E-12 3.9 
1.9E-12 3.7 
1.9E-12 3.7 
1.9E-12 3.7 
1.9E-12 3.6 
1.9E. 12 3.19 
1.9E-12 3.11 
1.9E.12 3.11 
1.9E. 12 3.11 
1.9E-12 3.t; 
1.9E-12 , 3.9 
1.9E-12 3.EI 
1.9E.12 3.6, 
1.9E.12 3.6 
1.9E-12 3.6 
1.9E-12 3.7 

Vegetable Ingestion 
G M  tSvlyear1 GSD 

2.1 E-1 1 4.1 
2.2E.11 3.7 
3.7E.11 3.8 
1.8E-11 3.9 
1.3E.11 3.6 
2.9E-11 4 .0  
5.4E.12 3.4 
7.OE-12 3.4 
1 .OE-1 1 3.5 
7.4E- 12 3.6 
9.5E-12 3.7 
5.1E-12 3.4 
5.8E.12 3.7 
3.3E-12 3.4 
3.4E-12 3.5 
3.3E-12 3.3 
3.7E-12 3.4 
4.4E-12 , 3.4 
1.9E-12 3.2 
1.5E-12 3.2 
1 .8E-l2 3.4 
7.8E.13 3.3 
1.2E.12 3.2 
8.4E.13 3.4 
1.OE.12 3.4 
1.4E-12 3.1 
1.2E-12 3.3 
9.2E.13 3.2 
9.8E-13 3.5 
1 .OE-12 3.1 
1.3E-12 3.2 

3.5 6.7E-13 
1.5E-12 3.3 
5.9E-13 3.7 

3.3 8.6E-13 
' 7.8E-13 3.2 

5.8E.13 3.7 

NOTES: 
1) E.01 is the same as Ihe value divided by 10'; E-02 is the same as the ,ralue divided by 10'; etc. 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
G M  (Svlyearl GSD 

6.3E-14 2.5 
1.4E-13 2.2 

2.1 2.7E.13 
3.4E.13 2.1 
3.9E-13 2.0 
4.9E-13 2.0 
5.1E-13 2.1 
5.3E-13 2.0 
5.7E-13 2.0 
5.9E.13 2.0 
6.2E-13 1.9 
6.4E-13 2.0 
6.6E-13 2.0 
6.7E-13 2.0 
6.8E-13 2.0 
6.9E-13 2.0 
7.OE-13 2.0 

1.9 7.1E-13 
7.1E-13 2.0 
7.2E-13 2.0 
7.2E-13 2.0 

2.0 7.2E-13 
7.2E-13 1.9 
7.2E-13 2.0 
7.2E-13 1.9 
7.3E-13 2.0 
7.3E-13 1.9 
7.3E.13 1.9 
7.3E.13 2.0 
7.3E.13 2.0 , 

7.3E-13 1.9 
7.4E-13 2.0 
7.4E.13 1.9 
7.4E-13 2.0 
7.4E-13 1.9 
7.4E-13 1.9 
7.4E-13 2.0 

Immersion 
GM ISvlyearl GSD 

3.OE-18 2.3 
3.OE-18 2.2 
5.1E-18 2.3 
2.5E-18 2.3 
1.8E-18 2.3 
4.OE-18 2.3 

2.2 6.6E-19 
2.2 8.7E-19 

1.3E-18 2.2 
9.1E-19 2.3 
1.2E-18 2.3 
5.9E-19 2.3 
6.8E-19 2.3 
3.4E-19 2.2 
3.4E-19 2.3 
3.4E-19 2.2 
4.OE.19 2.3 
4.7E-19 2.2 
1.4E-19 2.2 
1.OE-19 2.3 
1.3E-19 2.2 
2.3E-20 2.3 
6.8E-20 2.3 
3.OE-20 2.3 
4.7E-20 2.2 
8.1 E-20 2.3 
6.4E-20 2.3 
3.8E-20 2.2 
4.4E-20 2.2 
4.7E-20 2.2 
7.6E-20 2.2 
1.4E-20 2.3 
9.7E-20 2.2 
7.2E-21 2.2 
3.OE.20 2.2 
2.3E-20 2.2 
6.2E-21 2.2 
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Pathway-SpdRc Doses A s s d d  wlth Routhw Ahborne Release of Depkted Uranium Icontinwd) 
Sector 8 
I1953 - 19891 

- 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM {Svlvearl GSD 

2.9E- 14 
6.5E-14 
1.2E.13 
1.5E-13 
1.8E-13 
2.3E-13 
2.3E-13 
2.4E-13 
2.6E-13 
2.7E-13 
2.9E.13 
3.OE-13 
3.OE-13 
3.1E-13 
3.1E-13 
3.1E-13 
3.2E-13 
3.2E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E.13 
3.3E-13 
3.3E- 13 
3.4E-13 
3.4E.13 
3.4E-13 
3.4E-13 
3.4E-13 
3.4E.13 
3.4E-13 
3.4E-13 
3.4E-13 
3.4E-13 
3.451 3 

4.9 
4.5 
4.4 
4.3 
4.1 
4.2 
4.2 
4.2 
4.3 
4.2 
4.3 
4.1 
4.1 
4.1 
4.3 
4.1 
3.9 
4.1 
4.4 
4.0 
4.1 
3.9 
4.1 
4.2 
4.4 
3.9 
.4.2 
3.9 
4.2 
4.0 
4.0 
4.3 
4.4 
4.0 
4.1 
4.0 
4.1 

Milk Ingestion 
GM ISvlyearl GSD 

9.1E-12 
1.OE-11 
1.7E-11 
1.OE-11 
8.9E-12 
1.6E 11 
6.3E-12 
7.2E-12 
9.1 E - 1  2 
7.8E.12 
9.1 E-1  2 
6.9E- 12 
7.5E-12 
6.3E-12 
6.3E-12 
6.4E-12 
6.7E-12 
7.2E-12 
5.M-12 
5.6E-12 
5.7E-12 
5.1 E-1 2 
5.4E-12 
5.2E-12 
5.3E-12 
5.5E-12 
5:4E- 12 
5 x - i ~  
5.3E-12 
5.3E.12 
5.5E-12 
5.2E-12 
5.7E.12 
5.lE-12 
5.3E-12 
5.2E-12 
5.2E-12 

5.3 
5.3 
5.0 
5.0 
4.5 
5.7 
4.6 
4.8 
4.8 
4.4 
4.9 
4.5 
4.5 
4.7 
4.5 
4.5 
4.9 
4.5 
4.4 
4.7 
4.3 
4.7 
4.7 
4.9 
4.5 
4.7 
4.4 
4.1 
4.6 
4.2 
4.3 
4.6 
4.6 
4.6 
4.6 
5.0 
4.4 

Beef Ingestion 
GM ISvlyearI GSD 

2.6E.12 
2.8E-12 
4.9E-12 
3.OE-12 
2.551 2 
4.6E-12 
1 .7E-12 
Z.OE-12 
2.5E-12 
2.1 E-1 2 
2.5E-12 
1.9E-12 
2.OE-12 
1.7E-12 
1 .7E-12 
1.7E-12 
1.8E-12 
1.9E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.3E-12 
1.4E-12 
1.4E-12 
1.4E.12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E- 12 
1.4E-12 
1.4E-12 
1.5E-12 
1.3E-12 
1.4E-12 
1.4E-12 
1.3E-12 

4.5 
4.7 
4.9 
4.7 
4.4 
4.3 
4.1 
4.2 
4.2 
4.3 
4.4 
4.0 
3.9 
4.4 

. 4.1 
4.2 
3.9 
4.0 
4.5 
4.2 
4.2 
4.2 
4.6 
4.5 
4.2 
4.1 
4.1 
4.2 
4.5 
4.4 
4.2 
4.4 
4.3 
4.2 
4.5 
4.3 
4.4 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

Inhalation of . 
Resuspended Particulates 
GM (Svlyearl GSD 

1.4E-12 
3.2E- 1-2 
6.OE-12 
7.5E-12 
8.6E-12 
1.lE-11 
1.1E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.5E-11 
1.6E-11 
1.5E-11 
1.6E-11 
1.6E-11 
1.6E-1 
1.6E-1 
1.6E-1 
1.6E-1 
1.6E-1 
1.6E- 1 
1.6E-1 
1.6E-1 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E.11 
1.6E-11 
1.6E:ll 

1.6E-11 
1.6E- 1 1 

1.6E.11 

3.8 
3.3 
3.4 
3.3 
3.1 
3.3 
3.5 
3.2 
3.2 
3.2 
3.2 
3.0 
3.3 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.0 
3.1 
3.2 
3.3 
3.1 
3.3 
3.1 
3.1 
3.1 
3.1 
3.1 
3.2 
3.0 
3.1 
3.1 
3:O 
3.1 
3.1 

Immersion in 
Resuspended Particulates 
GM (Sv/year) GSD 

?.?E-22 
1.7E-21 
3.3E-21 
4.1E-21 
4.7E-21 
6.OE-21 
6.2E-21 
6.5E-21 
6.9E-21 
7.2E-21 
7.6E-21 
7.8E-21 
8.1 E-2 1 
8.2E-21 
8.3E-21 
8.4E-21 
8.6E-21 
8.7E-21 
8.7E-21 
8.8E-21 
8.8E-21 
8.8E-21 
8.8E-21 
8.9E-21 
8.9E-21 
8.9E-21 
8.96-21 
8.9E-21 

,8.9E-2 1 
8.9E-21 
9.OE-21 
9.OE-21 
9.OE-21 
9.OE-21 
9.OE-21 
9.OE-2 1 
9.OE-21 

3.0 
2.8 
2.7 
2.8 
2.6 
2.6 
2.7 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.5 
2.7 
2.5 
2.5 
2.8 
2.5 
2.6 
2.5 
2.6 
2.7 
2.6 
2.5 
2.6 
2.4 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.6 
2.5 
2.4 
2.4 

5.6E.09 
5.6E-09 
9.5E-09 
4.6€,09 
3.4 E-09 
7.4E-09 
1.3E-09 
1.7E-09 
2.5E-09 
1.7E.09 
2.3E-09 
1.2E-09 
1.3E-09 
7.OE- 10 
6.9E-10 
6.9E. 10 
8.OE-10 
9.4E-10 
3.3E-10 
2.5E-10 
3.1E-10 
9.1E-11 
1.8E-10 
l . l E - 1 0  
1.4E.10 
2.1 E . 1 0  
1.7E-10 
1.2E-10 
1.4E-10 
1.4E-10 
2.OE-10 
7 .X -11  
2.4E- 10 
5.7E-11 
l . l E . 1 0  
9.4E-11 
5.5E-11 

Total Dc 
GM ISvlyear) 

1 

GSD 

2.9 
2.7 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.6 
2.7 
2.6 
2.8 
2.6 
2.4 
2.4 
2.4 
2.3 
2.4 
2.2 
2.3 
2.5 
2.4 
2.2 
2.4 
2.3 
2.3 
2.2  
2.4 
2.2 
2 . 2  
2 .2  
2 .2  

- 
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Pethwey-Sped* Dores Assodaled with Routine Ahbome Robme of Depleted Uranium 
Sector 9 
11953 - 19891 

Year - 
1953 
i 954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyear) GSD 

1.9E-09 
1.9E-09 
3.2E-09 
1.5E-09 
1.1 E-09 
2.5E-09 
4.2E-10 
5.5E-10 
8.1E-10 
5.7E-10 
7.6E-10 
3 . 7 5  10  
4.3E-10 
2.1 E- 1 0  
2.1E-10 
2.1 E-10 
2.5E-10 
3.OE-10 
8 . 9 5 1  1 
6.5E-11 
8.3E-11 
1 . 4 5 1  1 
4.3E-11 
1.9E-11 
3.OE-11 
5.1E-11 
4.1E-11 
2.4E-11 
2.7E-11 
3.OE-11 
4.8E-11 
8.6E-12 
6. lE-11 
4.5E-12 
1.9E-11 
1.4E-11 
3.9E-12 

2.8 
2.8 
3 .O 
2 .9  
3.0 
2.9 
3.0 
2 .9  
2 .9  
2.8 
2.9 
2.8 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.7 
2.9 
2.9 
2.8 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 

Soil Ingestion 
GM ISvlyear) (ISD - 

5.6E.14 
1.3E-13 
2.4E.13 
3.OE-13 
3.4E-13 
4.4E-13 
4.5E- 13 
4.7E-13 
5.1 E.13 
5.3E-13 
5.6E-13 
5.7E-13 
5.9E-13 
6.OE-13 
6.1 E-1 3 
6.2E-13 
6.2E-13 
6.4E-13 
6.4E-13 
6.4E-13 
6.4E-13 
6.4E-13 
6.5E.13 
6.5E-13 
6.5E-13 
6.56-13 
6.5E-13 
6.5E-13 
6.5E.13 
6.5E-13 
6.6E- 13 
6.6E-13 
6.6E-13 
6.6E.13 
6.6E-13 
6.6E- 1.3 
6.6E-13 

21.4 
11.1 
11.1 
41.0 
3.5 
:I. 7 
3.7 
21.7 
3 .6  
31.7 
3'.8 
3.7 
4 . 0  
3.7 
3.8 
3,8 
3,8 
3.7 
3 . 6  
3.7 
3 .7  
3.9 
3.8 
4.0 
4.10 
3. I 
3.!3 
3.!l 
3.11 
3 .7  
4.il 
3.7 
3.!i 
3.tl 
3.u 
3.1, 
3.8 

Vegetable Ingestion 
GM ISvlvearl GSD 

7.4E-12 
7.5E-12 
1.3E-11 
6.2E-12 
4.6E-12 
1.OE-11 
1.9E- 12 
2.4E-12 
3.5E-12 
2.6E-12 
3.3E-12 
1.8E-12 
2.OE-12 
l . l E - 1 2  
1.2E-12 
1.1E-12 
1.3E-12 
1 .5512 
6.2E-13 
5.2E-13 
6.OE-13 
2.6E-13 
4.1 E.13 
3.OE-13 

4.5E-13 
4.1 E-1 3 

3.5E-13 

3.2E.13 
3.4E-13 
3.6E-13 
4.4E-13 
2.3E-13 
5.1E-13 
2.OE-13 
3.OE.13 
2.7E-13 
2.0E-13 

3.8 
3.5 
3.7 
3 .7  
3.8 
3.8 
3.3 
3.8 
3.5 
3.4 
3.4 
3.4 
3.3 
3.3 
3.5 
3.6 
3.5 
3.2 
3.4 
3.2 
3.4 
3.5 
3.2 
3.3 
3.3 
3 .3  
3.4 
3.4 
3.3 
3.4 
3 .0  
3.3 
3.6 
3.7 
3.4 
3.5 
3.8 

NOTES: 
1 I E-01 is the same a8 the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM ISvlyear) GSD 

2.2E-14 2.7 
4.8E-14 2.3 
9.2E-14 2.1 
1.2E-13 2.1 
1.3E-13 2.1 
1.7E-13 2.0 
1.7E.13 2.0 
1.8E-13 2.0 
2.OE-13 2.0 
2.OE- 13 2.0 
2.2E-13 1.9 
2.2E-13 2.0 

, 2.3E-13 1.9 
2.3E-13 2.0 
2.3E-13 1.9 
2.4E-13 1.9 
2.4E-13 1.9 
2.4E-13 1.9 
2.5E-13 1.9 
2.5E-13 1.9 
2.5E-13 2.0 
2.5E-13 2.0 
2.5613 2.0 
2.5E-13 2.0 
2.5E-13 2.0 
2.5E-13 1.9 
2.5E-13 1.9 
2.5E.13 2.0 
2.5E-13 1.9 
2.5E-13 1.9 
2.5E-13 2.0 
2.5E-13 1.9 
2.5E-13 2.0 
2.5E-13 2.0 
2.6E-13 2.0 
2.5E-13 1.9 
2.6E-13 1.9 

Immersion 
GM ISvlyearI GSD 

1 .OE- 1 8 2.2 
1.OE-18 2.2 
1.8E-18 2.2 
8.5E-19 2.3 
6.2E-19 2.3 
1.4E-18 2.2 
2.3E-19 2.2 
3.OE-19 2.2 
4.4E-19 2.2 
3.1E-19 2.3 
4.2E-19 2.3 
2.OE-19 2.2 
2.4E-19 2.2 
1.2E-19 2.2 
1.2E-19 2.2 
1.2E-19 2.3 
1.4E-19 2.2 
1 .BE-1 9 2.2 
4.9E-20 2.3 
3.66-20 2.2 
4.6E-20 2.3 
7.8E-21 2.2 
2.46-20 2.3 

2.2 
1 .M-20 2.2 
2.8E-20 2.3 
2.2E- 2 0  2.3 
1.3E-20 2.3 
1.5E-20 2.2 
1.6E-20 2.2 
2.6E-20 2.2 
4.7E-21 2.3 
3.3E-20 2.2 
2.5E-21 2.2 
1 .OE-20 2.2 
7.8E-21 2.2 
2.2E-21 2.3 

' 1.OE-20 
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Pathway-Spedfic Dosea Auodated wlth Routine Ahborn Rdesse of Depleted Uranium (continued) 

Sector 9 
I1953 - 19891 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1987 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyearl GSD 

9.96-15 
2.2E-14 
4.2E-14 
5.3E-14 
6.1 E-1 4 
7.8E-14 
8.OE-14 
8.4E-14 
9.OE-14 
9.4E-14 
9.9E-14 
1.OE-13 
1.OE-13 
l.lE-13 
l.lE-13 
1.lE-13 
1. 1E-1 3 
1.1E-13 
l.lE-13 
l.lE-13 
1.1E-13 
1.1E-13 
1 .1E-l3 
1.2E-13 
1.2E-13 
1.2E-13 - 
1.2E-13 
1.2E-13 
1.2513 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E.13 
1.2E-13 
1.2E-13 

4.5 
4.6 
4.6 
4.4 
4.4 
4.7 
4.5 
4.3 
4.1 
4.2 
4.3 
4.0 
4.0 
4.0 
4.1 
4.3 
4.5 
4.0 
3.9 
4.0 
4.0 
4.2 
4.0 
4.1 

4.1 
4.1 
4.0 
4.2 
4.1 
4.0 
4.0 
4.1 
4.1 
4.1 
4.0 
4.2 

4; 1 

Milk Ingestion 
GM (Svlyearl GSD 

3.2E-12 
3.5E-12 
5.9E-12 
3.6E-12 
3.2E-12 
5 6E-12 
2.1 E-1 2 
2.5E-12 
3.lE-12 
2.7E-12 
3.2E-12 
2.4E-12 
2.6E-12 
2 2E-12 
2.2E-12 
2.2E-12 
2.3E-12 
2.4E-12 
2.OE-12 
1.9512 
2.OE- 12 
1.M-12 
1.9E-12 
1 .8E-1 2 
1.8E.12 
19E-12 
1.9E-12 
1.8E-12 
1.8E-12 
1.9E-12 
1.9E-12 
1.8E-12 
1.9E-12 
1.8E.12 
1.8E-12 
1.8E-12 
1.8E-12 

5.6 
5.1 
4.8 
4.6 
4.8 
4.8 
4.7 
4.6 
4.5 
4.6' 
4.3 
4.6 
4.5 
4.6 
4.6 
4.9 
4.8 
4.7 
4.6 
4.8 
4.6 
4.5 
4.4 
4.5 
5.0 
4.6 
4.5 
5.0 
4.5 
4.7 
4.6 
4.6 
4.7 
4.5 
4.4 
4.8 
4.8 

Beef Ingestion 
GM (Svlyearl GSD 

9.OE.13 
9.8E.13 
1.7E-12 
1 .OE- 12 
8.7E-13 
1.6E-12 
5.9E-13 
6.9E.13 
8.4E-13 
7.4E-13 
8.8E.13 
6.5E-13 
7.OE-13 
5.8E-13 
5.9E- 13 

6.2E-13 
6.OE-13 

6.6E- 13 
5.3E-13 
5.1E.13 
5.2E-13 
4.6E.13 
4.9E.13 
4.7E-13 
4.8E-13 
5.OE-13 
4.9E-13 
4.8E-13 
4.8E-13 
4.8E- 13 
5.OE-13 
4.6E-13 
5.1E-13 
4.6E-13 

4.7E-13 
4.8E-13 

4.6E-13 

5.2 
4.7 
4.7 
4.4 
4.2 
4.4 
4.2 
4.3 
4.3 
4.2 
4.3 
4.2 
4.2 
4.3 
4.2 
4.3 
4.2 
4.2 
4.0 
4.5 
4.1 
4.7 
4.5 
4.5 
4.3 
4.4 
4.4 
4.3 
4.1 
4.2 
4.0 
4.6 
4.2 
4.4 
4.4 
4.7 
4.6 

NOTES: 
1) E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100rem 

Inhalation of 
Resuspended Particulates 
GM (Svlvearl GSD 

4.8E.13 
1.1E-12 
2.1E-12 
2.6E-12 
3.OE-1 2 
3.7E-12 
3.9E-12 
4.151 2 
4.4E-12 
4.5E-12 
4.8E-12 
4.9E-12 
5.1 E-1 2 
5.1 E.12 
5.2E-12 
5.3E-12 
5.4E-12 
5.5E-12 
5.5E-12 
5.5E-12 
5.5E-12 
5.5E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.6E-12 
5.7E-12 
5.7E-12 
5.7E-12 
5.7E-12 
5.7E-12 

3.8 
3.5 
3.2 
3.2 
3.4 
3.2 
3.3 
3.0 
3.3 
3.1 
3.2 
3.2 
3.2 
3.1 
3.2 
3.2 
3.1 
3.0 
3.2 
3.0 
3.2 
3.0 
3.2 
3.0 
3.3 
3.1 
3.3 
3.0 
3.0 
3.1 
3.1 
3.1 
3.2 
3.2 
3.1 
3.0 
3.2 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

2.6E-22 
5.9E-22 
1.1 E-21 
1.4E-21 
1.6E-21 
2.1E-21 
2.1 E-2 1 
2.2E-21 
2.4E-21 
2.5E-21 
2.6E-21 
2.7E-21 
2.8E-21 
2.8E-21 
2.9E-21 
2.9E-21 
2.9E-21 ' 

3.OE-21 
3.OE-21 
3.OE-21 
3.OE-21 
3.OE-21 
3.OE-21 
3.OE-21 
3.1E-21 
3.1E-21 , 

3.1 E-21 
3.1E-21 
3.1E-21 
3.1 E-21 
3.1E-21 
3.1E-21 
3.1E-21 
3.1E-21 
3.1E-21 
3 1E-21 
3.1E-21 , 

3.2 
2.8 
2.7 
2.6 
2.7 
2.5 
2.7 
2.5 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.7 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.6 

2.4 
2.6 
2.6 
2.6 
2.4 
2.4 
2.5 

2.6 

Total Do! 
GM fSvlyearl 

1.9E-09 
1.9E-09 
3.3E-09 
1.6509 
1.2E-09 
2.6E-09 
4.4E-10 
6.8E-10 
8.4E-10 
6.OE-10 
8.OE-10 
4 .OE- 1 0 
4.6E- 10 
2.4E-10 
2.4E-10 
2.4E-10 
2.8E-10 
3.X-10 
l . lE-10 
8.7E-11 
l.lE-10 
3.lE-11 
6.3E-11 
3.7E-11 
4.9E-11 
7.251 1 
6.1E-11 
4.3E-11 
4.6E-11 
4.9E-11 
6.8E-11 
2.5E-11 
8.3E-11 
2.OE-11 
3.7E-11 
3.2E-11 
2.OE-11 

1 

1 
1 

1 

1 

1 

1 

1 
1 

1 
1 

1 

1 
1 
1 
1 

1 

GSD 

2.8 
2.7 
2.9 
2.8 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.6 
2.7 
2.6 
2.6 
2.8 
2.5 
2.5 
2.5 
2.2 
2.4 
2.2 
2.4 
2.4 
2.4 
2.2 
2.3 
2.3 
2.4 
2.2 
2.4 

, 2.2 
2.3 
2.1 
2.2 

- 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
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Pathway-Spedlk Doses Assodated with Routine Airborne Rebase a 1  Depleted Uranium 
Sector 10 
11953. 1989) 

Year 

1953 ' 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
G M  (Svlyear) GSD 

8.3E-10 2.8 
8.3E-10 2.9 
1.4E-09 2.8 
6.7E-10 2.8 '  
4.9E-10 3.0 
1.1 E-09 2.9 
1.8E-10 2.8 
2.4E-10 . 2.8  
3.5E- 10 2.8 
2.5E- 10 2.9 
3.3E-10 2.9 
1.6E-10 2.9 
1.9E-10 2.8 
9.3E-11 2.8 
9.3E.11 2.9 
9.3E-11 2.9 
l . lE-10 3.0 
1.3E-10 2.9 
3.9E-11 2.8 
2.8E-11 2.9 
3.6E-11 . 2.7 
6.2E-12 2.8 
1.9E-11 2.9 
8.3E-12 2.9 
1.3E-11 2.9 
2.2E-11 2.9 
1 .8E-11 2.8 
1 .OE-1 1 2.8 
1.2E-11 2.7 
1.3E-11 2.7 
2.1E-11 2.8 
3.7E-12 2.8 
2.6E-11 2.9 
2.OE-12 3.0 
8.3E-12 2.9 
6.26-12 2.9 
1.7E-12 2.8 

Soil Ingestion 
GSD 

2.4E-14 4.3 
5.5E- 14 4.1 
1.OE.13 4.0 
1.3E.13 3.7 
1 X . 1 3  3.7 
1.9E-13 3.7 
2.OE.13 3.9 
2.1E.13 3.8 
2.2E-13 3.9 
2.3E-13 3.6 
2.4E-13 3.6 
2.5E-13 3.8 
2.6E-13 3.6 
2.6E.13 3.9 
2.6E-13 3.7 
2.7E-13 3.6 
2.7E-13 3.7 
2.8E.13 3.6 
2.8E-13 3.9 
2.8E-13 3.8 
2.8E-13 3.7 
2 . 8 ~ - 1 3  3.8 
2.8E-13 3.9 
2.8E-13 3.8 
2.8E.13 :l.7 
2.8E-13 zl.7 
2.8E.13 3.9 
2.8E.13 3.9 
2.8E-13 21.7 
2.8E-13 3.8 
2.8E.13 3,.6 
2.9E-13 4.1 

2.9E-13 3.6 
2.9E-13 3.6 
2.9E.13 3.5 
2.9E-13 3.7 

- G M  (Svlyear) 

2.9E-13 ' 3.8 

Vegetable Ingestion 
G M  (Svlyear) GSD 

3.2E.12 3.9 
3.2E.12 4.0 
5.5E.12 3.9 
2.7E-12 3.9 
2.OE-12 3.7 
4.3E-12 3.8 
8.2E.13 3.6 
1 .1E-l2 3.7 
1.5E-12 3.6 
1 .1E-l2 3.5 
1.4E-12 3.6 
7.5E-13 3.4 
8.6E-13 3.5 
5.OE-13 3.4 
5.OE.13 3.2 
5.OE.13 3.5 
5.6E-13 3.5 
6.5E.13 3.5 
2.7E-13 3.2 
2.3E.13 3.2 
2.6E-13 3.3 
l.lE.13 3.1 
1 .8E-l3 3.3 
1.3E-13 3.4 
1.5E-13 3.3 
1.9E.13 3.3 
1.7E-13 3.2 
1.4E-13 3.4 
1.5E-13 3.3 
1.5E.13 3.3 
1.9E.13 3.3 
1.OE-13 3.5 
2.2E-13 3.2 
8.8E-14 3.7 
1.3E-13 3.4 
1.2E.13 3.5 
8.6E-14 3.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

1 of 2 

Ground Exposure 
GM (Svlyear) GSD 

9.4E-15 2.5 
2.1E-14 2.1 
4.0F.14 2.0 
5.OE-14 2.0 
5.7E.14 2.0 
7.3E.14 2.0 
7.6E-14 2.0 

2 .o 7.9E-14 
8.5E-14 1.9 
8.8E-14 1.9 
9.3E-14 1.9 
9.6E. 14 2.0 
9.9E-14 2.0 
1 .OE-l3 2.0 
1 .OE-l3 1.9 
1 .OE-l3 1.9 
1.OE-13 2 .0  
1.1E-13 1.9 
l . lE-13 2.0 
l . lE-13 2.0 
l . lE-13 1.9 
l . lE-13 2.0 
1.1E-13 2.0 

l . lE-13 1.9 
l.lE.13 1.9 
1.1E.13 2.0 
1.1 E-1 3 1.9 
1.1E.13 1.9 
1.1E-13 1.9 
1.1E.13 1.9 
1.1E.13 1.9 
l . lE-13 1.9 
1.1 E-1 3 2.0 
1.1E-13 1.9 
1.1E-13 1.9 
1.1E-13 1.9 

i . i E - t i  1.9 

Immersion 
G M  ISvlyear) GSD 

4.5E-19 2.3 
4.5E-19 2.2 
7.7E-19 2.3 
3 . 7 5  19 2.3 
2.7E-19 2.2 
6.OE-19 2.2 
9.9E-20 2.3 
1.3E-19 2.2 
1.9E-19 2.2 
1.4E-19 . 2.2 
1.8E-19 2.2 
8.8E-20 2.3 
1.OE-19 2.2 
5.1E-20 2.2 
5.1 E-20 2.3 
5.1E.20 2.3 
6.OE-20 2.3 
7.1E-20 2.3 
2.1 E-20 2.2 
1.6E-20 2.2 
2.OE-20 2.3 
3.4E-21 2.3 
1 .OE-20 2.3 
4.5E-21 2.2 
7.1 E-21 2.3 
1 .2E-20 2.3 
9.6E-21 2.3 
5.7E-21 2.2 
6.5E-21 2.2 
7.1 E-21 2.3 
1.1E-20 2.3 
2.OE-21 2.3 
1.4E-20 2.2 
l .lE-21 2.2 
4.6E-21 2.3 
3.4E.21 2.3 
9.4E-22 2 .2  



Pathway-Sped% Doses Associated whh Routine Alrborne Release of Depleted Uranium Icontinwdl 
Sector 10  
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

.Wheat Ingestion 
GM (Svlyear) GSD 

4.3E-15 
9.7E-15 
1.9E-14 
2.36-14 
2.7E- 14 
3.4E- 14 
3.5E-14 
3.7E-14 
3.9E-14 
4.1E-14 
4.3E-14 
4.4E-14 
4.5E-14 
4.6E- 14 
4.7E-14 
4.7E-14 
4.8E-14 
4.9E-14 
4.9E-14 
4 . 9 5  14 
5.OE-14 
5.OE-14 
5.OE-14 
5.OE-14 
5.OE-14 
5.OE- 14 
5.OE-14 
5.OE-14 
5.OE-14 
5.1 E-14 
5.1E-14 
5.OE-14 
5.1 E-1 4 
5.1E-14 
5.1E-14 
5.1 E-1 4 
5.1 E-14 

4.6 
4.2 
4.1 
4.1 
4.0 
4.3 
4.2 
4.1 
4.0 
3.9 
4.2 
4.2 
4.1 
4.4 
4.1 
4.3 
4.3 
3.9 
3.9 
4.0 
4 . 0  
4.0 
3.9 
4.1 
4.1 
3.9 
3.8 
4.1 
4.0 
4.3 
4.1 
4.0 
4.0 
4.1 
4.1 
4.3 
3 .9  

Milk Ingestion 
GM (Svlyear) GSD 

1.4E-12 
1.5E-12 
2.6E-12 
1.6E-12 
'1.3E-12 
2.4E-12 
9.4E-13 
1.1E-12 
1.3E-12 
1.2E-12 
1.4E-12 
1.OE-12 
l . l E - 1 2  
9.4E-13 
9.3E-13 
9.5E-13 
1.OE-12 , 
1.OE-12. 
8.6E-13 
8.2E-13 
8.5E-13 
7.7E-13 
8.OE-13 
7.8E-13 
7.9E-13 

4 8.2E-13 
8.1E-13 
7.9E-13 
8.OE-13 
8.OE-13 
8.2E-13 
7.8E-13 
8.4E-13 
7.7E-13 
7.9E- 13 
7 . 9 5 1 3  
7.7E-13 

5 .6  
5.2 
5 .1  
4.7 
4.7 
5.0 
4.4 
4.7 
4.5 
4.1 
4.8 
4 .4  
4.6 
4.8 
4.5 
4.7 
4.6 

' 4.3 
4.5 
4 .6  
4.5 
4.9 
4.5 
4 .6  
4.5 
4.4 
4.8 
4.8 
4.6 
4.6 
4 .6  
4 .6  
4.4 
4.3 
4.4 
4.6 
4.6 

Beef Ingestion 
GM ISvlyear) GSD 

3.9E-13 
4.3E-13 
7.3E-13 
4.4E.13 
3.7E-13 
6.9E- 13 

3.OE- 13 
3.7E-13 

2.6E-13 

3.2E-13 
3.8E-13 
2.8E-13 
3.1 E-13 
2.5E-13 
2.5E-13 
2.5E-13 
2.8E-13 
2.8E-13 
2.3E-13 
2.2E-13 
2.3E- 13 
2.OE-13 
2.1 E-1 3 
2.OE.13 
2.1 E-1 3 
2.2E-13 
2.1 E-1 3 

2.1E-13 
2.1E-13 

2.1 E-1 3 
2.2E-13 
2.OE-13 
2.2E-13 
2.OE-13 
2.1E-13 
2.OE-13 
2.OE. 13 

5.1 
4.9 
4.9 
4.5 
4.7 
4.7 
3.8 
4.6 
4.0 
4.1 
4.1 
4.4 
4.2 
4.2 
4.2 
4.0 
4.0 
3.8 
3.9 
4.5 
4.5 
4.5 
4.1 
4.3 
4.2 
4.4 
4.3 
4.3 
4.4 
4.3 
4.3 
4.1 
4.3 
4.3 
4.1 
4.6 
4.4 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

UD- 10. XLS 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

2.1E-13 
4 . X - 1 3  
9.OE-13 
1.1E-12 
1.3E-12 
1.6E-12 
1 . X - 1 2  
1.8E-12 
1.9E-12 
2.OE-12 
2.1E-12 
2.lE-12 
2.2E-12 
2.2E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E.12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E-12 

2 .W-12 

2.5E-12 

' 2.4E-12 

2.5E-12 

2.5E-12 
2.5E-12 

3.7 
3.5 
3.1 
3.4 
3.2 
3.2 
3.5 
3.4 
3.1 
3.2 
3.1 
3.1 
3.0 
3.1 
3.4 
3.2 
3.3 
3.2 
3.1 
3.0 
3.2 
3.0 
3.0 
3.0 
3.1 
3.2 
3.1 
3.2 
3.1 
2.9 
3.2 
3.3 
3.3 
3.2 
3.0 
3.0  
3.2 

Immersion in 
Resuspended Particulates 
GM (Svlyearl GSD 

1.2E-22 
2.6E-22 
4.9E-22 
6.2E-22 
7.0E-22 
8.9E-22 
9 .3522 
9.7E-22 
1.OE-21 
l . lE-21  
1.1 E-21 
1 .2521 
1.2E-21 
1.2E-21 
1.2E-21 
1.3E-2 1 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1 .3521 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1 . X - 2 1  ' 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.4E-2 1 
1.4E-21 
1.3E-21 

3.0 
2.7 
2.7 
2.6 
2.5 
2.5 
2.6 
2.7 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.8 
2.6 
2.5 
2.5 
2.4 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 

2 of 2 

1 
Tota1,Dose 

GM (Svlyearl GSQ 

8.4E-10 

1.4E-09 
8.4E.10 

6.9E-10 
5.1E.10 
1.lE-09 
1.9E.10 
2.5E.10 
3.7E-10 
2.6E-10 
3.5E-10 
1.7E-10 
2.OE-10 
1.OE-10 
1.OE-10 
1.OE-10 
1.2E-10 
1.4E-10 
4.8E-1 1 
3.8E-11 
4.6E-11 
1.4E-11 
2.7E-11 
1.6E.11 
2 .1511 
3.1E.11 
2.7E-11 
1.9E-11 
2.OE-11 
2.1E-11 
3.OE-11 
1,lE-11 
3.6E-11 
8.8E-12 
1.6E.11 
1.4E-11 
8.2E-121 

2.8 

2.8 
2.8 
2.9 
2.9 
2.7 
2.8 
2.7 

2.8 

2.6 
2.6 
2.7 
2.7 
2.8 
2.7 
2.5 
2.4 
2.4 
2.2 
2.4 
2.2 
2.3 
2.5 
2.4 
2.3 
2.2 
2.2 
2.4 
2.2 
2.4 
2.1 
2.2 
2.2 
2.2 

2.13 

2.13 

2.13 



Pathway-Specific Dower Asrodatad with Routine Airborne Release of Depleted Uranium 
Sector 11 
(1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
G M  ISv/yearl GSD 

7.9E.10 
7.9E- 10 
1.3E-09 
6.5E-10 
4.7E-10 
1 .OE-09 
1.7E-10 
2.3E-10 
3.4E-10 
2.4E-10 
3.2E-10 
1.5E-10 
\.a€-10 
9.OE- 1 1 
8.9E-11 
8.9E-11 
1.OE-10 
1.2E-10 
3.7E-11 
2.7E-1 I 
3.5E-11 
6.OE.12 
1 .BE-ll 
8.OE.12 
1.2E-11 
2.1E-11 
1.7E-11 

1.lE-11 
1.2E-11 
2.OE-11 
3.6E.12 
2.5E-11 
1.9E-12 
8.OE-12 
6.OE- 12 
1.6E-12 

1.0E-11 

3.0 
2.8 
2.8 
3.0 
2.9 
2.8 
2.8 
3.0 
2 9  
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.7 
2.9 
2.7 
2.9 
2.8 
2.8 
3.0 
2.8 
2.8 
3.0 
2.8 
2.9 
2.9 
2.8 
3.0 
2.8 
3.0 
2 .7  
3.0 
2.9 
2.8 
2.9 

Soil Ingestion 
GSD - GM (Sv/year) 

2.3E.14 
5.2E. 14 
1.OE.13 
1.2E. 13 
1.4E. 13 
1.8E-13 
1.9E-13 
2.OE-13 
2.1E-13 
2.2E.13 
2.3E-13 
2.4E-13 
2.5E-13 
2.5E-13 
2.5E.13 
2.66-13 
2.6E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E.13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.7E-13 
2.8E-13 
2.7E-13 
2.8E-13 
2.8E-13 
2.8E-13 
2.8E-13 
2.8E-13 
2.8E-13 

4.3 
4.0 
3.8 
3.7 
3.8 
4.1 
3.5 
3.9 
3.8 
3.7 
3.8 
3.8 
3.8 
3.7 
3.8 
3.6 
3.4 
3.6 
3.7 
3.6 
3.9 
3.7 
3.6 
3.7 
3.6 
3.9 
3.6 
3.9 
3.9 
3.9 
3.6 
3.8 
3.8 
3.9 
.3.7 
3.8 
3.6 

Vegetable Ingestion 
GM (Svlyearl GSD 

3. 1E-1 2 
3.1E.12 
5.3E.12 
2.6E-12 
1.9E-12 
4.2E-12 
7.9E-13 
1.OE.12 
1.5E-12 
l . lE-12 
1.4E-12 
7.3E-13 
8.4E-13 
4.8E-13 
4.8E-13 
4.8E-13 
5.4E-13 
6.2E-13 
2.6E-13 
2.2E-13 
2.5E.13 
l . lE-13 
1.7E-13 
1 .2E-l3 
1.5E-13 
2.0E.13 
1.7E.13 
1.3E-13 
1.4E-13 
1.5E-13 
1.8E-13 
9.8E-14 
2.1 E-1  3 
8.6E-14 
1.3E.13 
1.1E-13 
8.3E-14 

3.9 
3.4 
3.6 
3.7 
3.8 
3.8 
3.7 
3.9 
3.6 
3.3 
3.8 
3.5 
3.3 
3.5 
3.3 
3.5 
3.3 
3.3 
3.4 
3.1 
3.4 
3.5 
3.1 
3.3 
3.4 
3.3 
3.4 
3.3 
3.3 
3.2 
3.4 
3.5 
3.1 
3.9 
3.4 
3.4 
3.7 

NOTES: 
1)  E-01  is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 

1 of 2 

- -  a 

Giound Exposure 
GM ISvlyear) GSD 

9.1E-15 2.5 
2.OE.14 2.2 
3.8E-14 2.1 
4.8E. 14 2.0 
5.56-14 1.9 
7.1 E-1 4 2.0 
7.3E-14 2.0 
7.7E- 14 2 .0  
8.2E-14 2.0 
8.5E-14 2.0 
9.OE- 14 1.9 
9.3E-14 1.9 
9.56-14 2.0 
9.7E-14 1.9 
9.8E-14 1.9 
9.95 14 1.9 
1.OE.13 1.9 
1.OE-13 1.9 
1.OE.13 1.9 
1 .OE-13 1.9 
1.OE-13 1.9 
1.OE.13 1.9 
1.OE-13 1.9 
1.OE-13 1.9 
1 .OE-l3 1.9 
1 .OE-13 1.9 
1.1E-13 1.9 
l . lE-13 2.0 
l . lE-13 2.0 
1.1E.13 1.9 
1.1E.13 1.9 
1.1E.13 1.9 
1.1E.13 1.9 
1.1E-13 1.9 
l . lE-13 1.9 
1.1E-13 1.9 
1.lE-13 1.9 

Immersion 
GM (Svlyear) GSD 

4.4E-19 2.3 
4.4E-19 2.3 
7.4E-19 2.2 
3.5E-19 2.3 
2.6E-19 2.2 
5.7E-19 2.2 
9.6E-20 2.2 
1.3E-19 2.2 
1.9E-19 2.2 
1.3E-19 2.2 
1.7E.19 2.3 
8.5E-20 2.2 
9.8E-20 2.3 
4.9E-20 2.3 
4.9E-20 2.3 
4.9E-20 2.2 
5.7E-20 2.2 
6.8E-20 2.2 
2.OE-20 2.2 
1.5E-20 2.2 
1.9E-20 2.2 
3.3521 2.2 
9.8E-21 2.3 
4.4€-21 2.2 
6.8E-2 1 2.3 
1.2E-20 2.3 
9.3E-21 2.3 
5.5E-21 2.2 
6.3E-21 2.2 
6.8E-21 2.2 
1.1 E-20 2.2 
2.OE-21 2.3 
1.4E-20 2.2 
l.OE.21 2.3 
4.4E-21 2.3 
3.3E.21 2.3 
9.0E.22 2.3 



I 
I 

I 
I 

Pathway-Specific Doses A s d a t e d  with Routine Alrboma Release of Depleted Uranium (continued) 
Sector 11 

I 

I1953 - 19891 

8.1E-10 ' 2.9 
8,. 1 E- 1 0 ' 2.7 

1.8E-10 1 2.7 

1.4E-09 1 , 2.8 
6.6E-10 2.9 
4.9E-10 ' 2.9 
l . l E - 0 9  ' 2.8 

2.4E-10 1 2.8 

2.6 
3.5E-10 I 2.8 

1.7E-10 .! 2.7 
1.9E-10 I 2.8 
1 .OE-10 2 . 1  

1.OE-10 2.6 

1 .4E-lO 2.5 
. 4.6E-11 j 2.5 

3.6E-11 1 2.5 

1.3E.11 2.3 
2.6E-11 ' 2.3 

2.OE.11 ' 2.3 
3.OE-11 2.4 
2.5E-11 ' 2.4 
1.8E.11 ' 2.3 

2.1E.11 1 2.4 
2.8E-11 1 2.4 
1.OE-11 I 2.3 
3.5E.11 I 2.3 

2.3 1 1.6E.111 2.3 
1 . X - 1 1  1 2.3 

l.OE-10 j 2.6 

1.2E-10 

4.4E-11 I 2.5 

1.5E-11 

i 

1.9E-11 ' 2.2 

8.4E-12 ! 

1 8.1E-12 I 2.2 

Wheat Ingestion 
G M  (Svlyear) 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

4.2E- 15 
9.3E-15 
1.8E-14 
2.2E-14 
2.5E-14 
3.2E-14 
3.4E- 14 
3.5E-14 
3.8E-14 
3.9E-14 
4.2E-14 
4.2E- 14 
4.4E- 14 
4.4E-14 
4.5E- 14 
4.6E-14 
4.6E-14 
4.7E-14 
4.7E-14 
4.8E-14 
4.8E- 14 
4.8E-14 
4.86-14 
4.8E-14 
4.8E-14 

, 4.9E-14 
4.9E-14 
4.86-14 

~ 4 . 9 5 1 4  
, 4.9E-14 
I 4.9E-14 
1 4.9E-14 

4.9E-14 
4.9E- 14 
4.9E-14 
4.9E-14 

, 4.9E-14 

I 

4.9 
4.1 
4.1 
3.9 
4.1 
4.1 
4.4 
4.2 
4.2 
4.3 
4 .0  
4.0 
3.9 
4.1 
3.9 
4.2 
4.2 
4.1 
4.2 
4.3 
4.2 
4.0 
4.0 
4.3 
4.1 

'4.2 
'4.2 
4.1 
3 .9  
4.2 
4.3 
4.1 
3.9 
4.3 
4 .0  
3.9 
3.9 

Milk Ingestion 
G M  (Svlyearl GSD 

1.3E-12 5.5 
1.5E-12 5.2 
2.5E-12 4.9 
1.5E-12 4.8 
1.3E-12 4.8 
2.3E-12 4 .9  
9.1E-13 4 .6  
1.OE-12 4.9 
1.3E-12 4.4 
1.1E-12 4.5 
1.3E-12 4.4 
1.OE-12 4.3 
1.1E-12 4.8 
9.1E-13 4.9 
9.1E-13 4.5 
9.1 E- 13 4.7 
9.7E-13 . 4.5 
1.OE-12 4.5 
8.2E-13 4.3 
8.OE- 13 4.4 
8.2E-13 4.7 
7.4E-13 4.8 
7.8E-13 4 .5  
7.56-13 4.9 
7.6E-13 4.5 
7.9E-13 4.5 
7.8E-13 4.7 
7.6E-13 4.3 
?.?E-13 4.6 
?.?E-13 4.8 
8.OE-13 4.5 
7.5E-13 4 .6  
8.2E-13 4:7 
7.5E-13 4.4 
7.76.13 5.0 
7.6E- 13 4.7 
7.5€-13 4.6 

Beel Ingestion 
GM ISvlvearl GSD 

3.7E- 13 5.2 
4.1E-13 4.9 
7.OE-13 4.6 
4.1E-13 4.4 
3.6E-13 4.7 
6.6E-13 4.4 
2.5E-13 4.7 
2.9E- 13 4.5 
3.5E-13 4.2 
3.OE-13 3.9 
3.6E.13 4.1 
2.7E-13 4.1 
3.OE-13 4.1 

4.3 2.5E-13 
2.5E-13 4.4 
2.5E.13 4.4 
2.6E-13 3 .9  
2.8E-13 3.9 
2.2E-13 4.5 
2.1E-13 4 .3  
2.2E-13 4.2 
1.9E-13 4.2 
2.lE-13 4.3 
2.OE-13 4.2 
2.OE-13 4.3 
2.1E-13 4.1 

4.4 2.1E-13 
2.OE-13 4.6 
2.OE-13 4.4 
2.OE- 1 3 4.5 
2.1 E.13 4.4 
2.OE-13 4.2 

4.4 2.1E-13 
1.9E-13 4 .1  
2.OE- 13 4.5 
2.OE-13 4.3 
1.9E-13 4.5 

Inhalation of 
Resuspended Particulates 
GM ISvlvearl GSD 

2.OE-13 
4.5E-13 

1.1E.12 
1.2E-12 

8.6E-13 

1.6E-12 
1.6E-12 
1 .7E-12 
1.8E-12 
1.9E-12 
2.OE-12 
2.1 E-1  2 
2.1E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.36-12 
2.3E-12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E.12 
2.4E-12 
2.4E-12 
2.4E-12 
2.4E.12 
2.4E-12 

3.4 
3.2. 
3.1 
3.2 
3.1 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
2.9 
3.2 
3.2 
3.1 
3.1 
3.1 
3.2 
3.1 
3.0 
3.3 
3.2 
3.2 
3.1 
2.9 
3.3 
3.1 
3.2 
3.0 
3.3 
3.1 
3.3 
3.2 
3.4 
3.1 
3.3 
3.1 

Immersion in 
Resuspended Particulates 
G M  (Svlyearl GSD 

1.1 E-22 3 .0  
2.5E-22 2.7 
4.7E-22 2.6 
5.9E.22 2.7 
6.8E.22 2.6 
8.6E-22 2.6 
9.OE-22 2.5 
9.4E-22 2.6 
1 .OE-21 2.5 
1 .OE-21 2.5 
1.lE-21 2.5 
1.1E.21 2.4 
1.2E-21 2.5 
1.2E-21 2.5 
1.2E-21 2.6 . 
1.2E-21 2.6 
1.2E-21 2.6 
1.3E-21 2.5 
1.3E-21 2.5 
1.3E-21 2.5 
1.3E-21 2.6 
1.3E-21 2.5 
1.3E.21 2.5 
1.3E-21 2.5 
1.3E-21 2.5 
1.3E-21 2.6 
1.3521 2.5 
1.3E-21 2.5 
1.3E-21 2.5 
1.3E.21 2.5 

2.5 
1.3E-21 2.5 
1.3E-21 2.5 
1.3E-21 2.6 
1.3E.21 2.5 
1.3E-21 2.5 
1.3E.21 2.5 

1.3E-21 

NOTES: 
11 E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100rem 

I 
Total Dose I 

G M  (Svlyear) , GSQ 

I 
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Pathwmy-Spedflc Dora8 A a s d t e d  with Routine Airborne Rebsse o f  Depkted Uradum 
Sector 12 
(1953. 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1984 
1965 
1966 
1967 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
'1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlvearI GSD 

2.7E.09 2.8 
2.7E-09 2.8 
4.5E-09 2.9 
2.2E-09 2.8,  
1.6E-09 2 .8 
3.5E-09 2.8 
5.9E- 10 2.9 
7.7E-10 3.0 
1.1E-09 2.9 
8.OE-10 2.8 
1.1 E-09 2.9 
5.2E-10 2.9 
6.OE- 10 2.8 
3.OE-10 2.9 
3.OE-10 2.9 
3.OE-10 2.8 
3.5E-10 2.9 
4.2E-10 2.9 
1.3E-10 2.7 
9.2E-11 2.8 
1.2510 2.9 
2.OE-11 2.9 
6.OE-11 2.8 
2.7E-11 2.8 
4.2E-11 3.0 
7.2E-11 2.9 
5.7E-11 2.9 
3.3E-11 2.9 
3.M-1 1 2.8 
4.2E-11 2.8 
6.7E-11 2.9 
1.251 1 2.7 
8.5E-11 2.8 
6.3E-12 2.8 
2.7E.11 2.9 
2.OE-11 2.8 
5.5E.12 2.8 

Soil Ingestion 
GSD 

7.9E-14 4.5 
1.8E.13 3.9 
3.4E-13 4.0 
4.2E-13 3.8 
4.8E-13 3.9 
6.1E-13 3.8 
6.4E-13 3.6 
6.7E-13 3.8 
7.1 E-1 3 4.0 
7.4E-13 3.9 
7.9E-13 3.6 
8.1E-13 3.7 
8.3E-13 3.9 
8.4E-13 3.6 
8.5E.13 3.6 
8.6E-13 3.8 
8.8E-13 3.6 
9.OE-13 3.6 
9.OE-13 3.7 
9.OE-13 :3.8 
9.1E-13 3.7 
9.1E-13 3.6 
9.1E-13 3.7 
9.1E.13 3.6 
9.1E-13 3.6 
9.1E-13 3.6 
9.2E.13 3.7 
9.2E-13 21.8 
9.2E.13 3.9 
9.2E-13 3.8 
9.3E-13 3.8 
9.3E-13 3.7 
9.3E-13 ' 3.7 
9.3E-13 3.8 
9.3E.13 3.8 
9.3E-13 3.6 
9.3E-13 3.9 

- GM (Svlyeac) 
Vegetable Ingest ion 

GM (Svlyear) GSD 

1.OE-11 3.7 
1 . l E - 1 1  4.0 
1 .BE-1 1 3.9 
8.7E-12 3.6 
6.5E-12 3.5 
1.4E-11 3.8 
2.7E-12 3.2 
3.4E-12 3.8 
4.9E-12 3.5 
3.6E-12 3.7 
4.6E.12 3.7 
2.5E-12 3.3 
2.8E-12 3.6 
1.6E-12 . 3.3 
1.6E-12 3.5 
1.6E-12 3.3 
1.8E.12 3.4 
2.1E-12 3.4 
8.7E-13 3.4 
7.2E.13 3.3 
8.4E-13 3.3 
3.7E-13 3.4 
5.7E-13 3.3 
4.1E.13 3.3 
4.9E-13 3.3 
6.5E-13 3.2 
5.6E-13 3.5 
4.5E-13 3.2 
4.7E-13 3.3 
5.OE-13 3.3 
6.3E-13 3.3 
3.3E-13 3.4 
7.2E-13 3.3 
2.9E-13 3.6 
4.2E.13 3.2 
3.7E-13 3.4 
2.8E-13 3.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as lhs value divided by IO'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

' 

V D - l I . X L S  1 01 2 

Ground Exposure 
GM ISvlyear) GSD 

3.OE-14 2.6 
6.8E-14 2.2 
1.3E-13 2.1 
1.6E-13 2.0 
1.9E.13 2 .o 
2.4E-13 2.0 
2.5E-13 2.0 
2.6E-13 2.0 

1.9 2.7E-13 
2.9E-13 2.0 
3.OE-13 1.9 
3.lE-13 1.9 
3.2E-13 1.9 
3.2E.13 1.9 
3.3E-13 2.0 
3.36-13 1.9 
3.46-13 1.9 
3.4E-13 1.9 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 2 .o 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 1.9 
3.5E-13 2.0 
3.5E.13 1.9 
3.6E.13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 
3.6E-13 1.9 

Immersion 
GM ISvlyear) GSQ 

1.5E-18 2.2 
1.5E-18 2.3 
2.5E-18 2.2 
1 .2E-18 2.2 
8.7E-19 2.2 
1.9E-18 2.3 
3.2E-19 2.3 
4.2E-19 2.3 
6.2E- 19 2.3 
4.4E-19 2.2 
5.96-19 2.3 
2.8E- 19 2.3 
3.3E-19 2.2 
1.7E-19 2.2 
1.6E-19 2.3 
1.6E-19 2.2 
1.9E-19 2.3 
2.X-19 2.3 
6.9E-20 2.2 
5.OE-20 ' 2.2 
8.4E-20 2.2 
1.1 E-20 2.2 
3.3E-20 2.3 
1.5E-20 2.2 
2.3E-20 2.2 
3.9E-20 2.2 
3.1E-20 2.2 
1.8E-20 2.2 
2.1E-20 2.3 
2.3E-20 2.3 
3.7E-20 2.2 
6.6E-21 2.2 
4.7E-20 2.3 
3.5E-21 2.2 
1.5E-20 2.2 
1.1E-20 2.2 
3.OE-21 2.2 



Pathway-Specific Doses Assodated with Routine Ahborne Release of Depleted Uranium (continued) 
Sector 12 
(1953 - 19891 

' 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982' 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyear) 

1.4E-14 5.0 
3.1 E-1 4 4.6 
6.OE-14 4.2 
7.4E-14 4.6 
8.5E-14 4.2 
1.lE-13 4.3 
1.1E-13 4.2 
1 2E-13 4.2 
1 x 1 3  4.0 
1.3E-13 4.1 
1.4E-13 4.1 
1.4E-13 4.1 
1.5E-13 4.5 
1.5E-13 4.3 
1.5E-13 4.3 
1.5E-13 4.4 
1.6E-13 4.3 
1.6E-13 4.1 
1.6E-13 4.1 
1.6E-13 4.2 
1.6E- 1 3 4.1 
1.6E-13 4.1 
1.6E-13 4.1 
1.6E-13 4.2 
1.6E-13, 3.9 
1.6E-13 . ,4.2 
1.6E-13 - 4.0 
1.6E-13 3.9 
1.6E-13 4.1 
1.6E-13 4.2 
1.6E-13 4.3 
1.6E-13 4.0 
1.6E-13 4.1 
1.6E-13 4.1 
1.6E-13 4.1 
1.6E-13 4.2 
1.6E-13 4.1 

Milk Ingestion 
GM ISvlyear) GSD 

4.46-12 
4.9E-12 
8.3E-12 
5.OE-12 
4.4E-12 
7.9E-12 
3.OE- 12 
3.5E-12 
4.3E-12 
3.8E-12 
4.3E-12 
3.4E-12 
3.6E-12 
3.OE-12 
3.1E-12 
3.1E.12 
3.2E-12 
3.5E.12 
2.8E-12 
2.7E-12 
2.8E-12 
2.5E.12 
2.6E-12 
2.5E-12 
2.6E-12 
2.7E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.7E-12 
2.5E-12 
2.8E- 12 
2.5E-12 
2.6E-12 
2.5E- I  2 
2.5E.12 

5.3 
5.7 
5.2 
4.8 
4.4 
5.0 
4.5 
4.5 
4.6 
4.7 
4.2 
4.4 
4.4 
4.4 
4.3 
4.4 
4.7 
4.4 
4.7 
4.4 
4.6 
4.5 
4.5 
5.0 
4.6 
4.6 
4.7 
4.6 
4.6 
4.5 
4.4 
4.4 
4.5 
4.9 
4.5 
4.7 
4.6 

Beet Ingestion 
GM ISvlyear) GSD 

1.3E.12 4.8 
1.4E.12 5.0  
2.4E.12 4.6 
1.4E.12 4.5 
1.2E-12 4.3 
2.2E. 12 4.4 
8.2E-13 4.1 
9.56-13 4.5 

4.1 1 .2E. 12 
1 .1E.12 4.3 

4.1 1 .2E-12 
9.2E.13 4.0 
9.8E-13 4.3 
8.2E.13 4.0 
8.3E-13 3.9 
8.X-13 3.9 
8.6E-13 4.6 
9.3E-13 4.2 
7.4E-13 4.2 

4.2 7.1 E-1 3 
7.X-13 4.4 
6.5E-13 4.2 
6.9E-13 4.3 
6.6E- 13 4.1 
6.7E-13 4.3 
7.OE-13 3.9 
6.9E-13 4.5 
6.7E-13 4.2 
6.7E-13 4.4 
6.8E-13 4.3 
7.1E-13, 4.1 
6.5E-13. 4.5 
7.4E- 1 3  4.6 
6.5E-13 4.7 
6.7E-13 4.4 
6.7E-13 4.2 
6.5E-13 4.4 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

6.8E-13 4.0 
1.5E-12 3.4 
2.9E-12 3.2 
3.6E-12 3.2 
4.1E-12 3.3 
5.3E-12 3.2 
5.5E-12 3.2 
5.8E-12 3.1 
6.1 E- 1 2 3.1 
6.4E-12 3.0 
6.8E-12 3.2 

7.1E-12 3.1 
7.2E-12 3.1 
7.3E-12 3.1 
7.4E-12 3.1 
7.5E-12 3.2 
7.7E-12 3.1 
?.?E-12 3.1 
?.BE-12 3.0 
7.8E-12 3.0 
7.8E-12 3.1 
7.8E-12 3.1 
7.8E-12 3.1 
7.8E-12 3.1 
7.9E-12 3.2 
7.9E-12 3.3 
7.9E-12 3.0 
7.9E-12 3.0 
7.9E-12 3.1 
8.OE.12 3.3 
7.9E.12 3.0 
8.OE.12 3.0 
8.OE.12 3.1 
8.OE-12 3.2 
8.OE-12 3.2 
8.OE-12 3.0 

6.9E-12 ' 2.9 

Immersion in 
Resuspended Particutales 
GM ISvlyear) GSD I 

3.7E-22 
8 . X - 2 2  
1.6E-2 1 
2.OE-21 
2.X-21 
2.96-21 
3.OE-21 
3.2E-21 
3.3.E-21 
3.5E-21 
3.7E-21 
3.8E-21 
3.9E-21 
4.OE-21 
4.OE-21 
4.1E-21 
4.1 E-2 1 
4.2E-21 
4.2E-21 
4.3E-21 . 
4.3E-21 
4.3E-2 1 
4.3E-21 
4.3E-21 
4.3E-21 
4.3E-21 
4.3E-21 
4.3E-21 
4.3E-21 
4.3E-21 
4.4E-21 
4.4E-21 . 
4.4E-21 
4.4E-21 
4.4E-21 
4.4E-21 
4.4E-21 

3.1 
2.8 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.4 
2.6 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 . 

Total iOose 
GM ISvlyear) GSD 

I 
2.7E-09 1 2.8 
2.7E-09 2.7 
4.6E-09 2.8 
2.2E-09 2.8 

3.6E-09 2.7 
2.8 6.2E-10 I 
2.9 

1 . x - 0 9  2.8 
2.7 8.5E-10 1 

5.6E- 10 2.8 
8.4E-10 1 ' 2.7 

3.3E-10 1 2.7 
3.4E-10 ' 2.6 

2.8 
2.4 

1.2E-10 1 2.4 
1.5E-10 1 2.6 
4.4E-11 2.2 
8.7E-1 1 I 2.3 
5.2E-11 1 2.3 
6.9E-11 ' 2.4 
1.OE-10l 2.5 
8.5E.11 1 2.4 

1.6E-09 j 2.8 

8.1E-10 i 
l.lE.09 I 2.8 

3.4E-10 ! 2.7 

3.9E-10 1 2.7 

4.6E-10 1.6E-10 i 

5.9E-11 1 
6.6E-11 
6.9E-111 2.3 
9.7E-111 2.5 
3.5E.11\ 2.1 

2.4 I 1.2E.10 

5.3E.111 2.3 
4.5E.11 2.3 

2.8E-11 j 2.2 

2.6E-1 1 ~ 2.1 

i 
NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

1 
I 
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Pathway-SpedHc Doses Assodsled with Routine Airborne Release of Depleted Uranium 
Denver 
11953.19891 ' - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (SvIyearJ GSD 

9 .X-10  
9.7E.10 
1.6E-09 
7.8E-10 
5.7E- 10  
1.3E-09 
2.1 E- 10  
2.8E-10 
4.1E-10 
2.9E.10 
3.9E.10 
1.9E-10 
2.2E-10 
l . lE-10 
l . lE-10 
l . lE-10 
1.3E-10 
1.5E-10 
4.5E-11 
3.3E-1'1 
4.2E-11 
7.2E.12 
2.2E-11 
9.6E-12 
1.5E-11 
2.6E-1 1 
2.1E-1 1 
1.2E-11 
1.4E-11 
1.5E.11 
2.4E-1 1 
4 .X-12  
3.1E-11 
2.3E-12 
9.7E-12 
7.2E-12 
2.OE.12 

2.8 
2.8 
2.7 
2.8 
2.9 
3.0 
2.8 
2.8 
2.7 
2.9 
2.7 
2.9 
2.7 
2.9 
2.9 
2.7 
2.9 
3.0 
2.9 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.9 
2.8 
2.8 
2.7 
3 .O 
2.8 
2.9 
2.9 
3.0 
2.9 
2.9 
2.8 

Soil Ingestion 
GM (Svlyearl GSD 

2.8E-14 
6.3E.14 
1.2E.13 
1.5E.13 
1.7E.13 
2.2E-13 

2.4E- 13  

2.7E-13 
2.8E. 13 

2.3E-13 

2.5E-13 

2.9E.13 
3.OE-13 
3.OE-13 
3.1E.13 
3.1 E-1 3 
3.2E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E.13 
3.3E-13 
3.3E.13 
3.3E-13 
3.3E-13 
3.3E.13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E.13 
3.3E.13 
3.3E.13 

4.3 
3.9 
4.1 
4.1 
3.8 
3.6 
3.5 
3.7 
3.8 
3.8 
3.6 
3.7 
3.9 
3.8 
4.0  
3.7 
3.8 
3.9 
3.7 
3.8 
3.8 
3.8 
3.9 
3.6 
3.8 
3.7 
3.6 
4 .0  

3.8 
4 .0  
3.7 
3.6 
4.0 
3.9 
3.8 
3.5 

3.8 , 

Vegetable Ingestion 
G M  (Svlvear) GSD 

3.8E-12 
3.8E.12 
6.4E-12 
3.1 E.12 
2.3E-12 
5.1E-12 
9.6E-13 
1.2E-12 
1.8E-12 
1.3E-12 
1.7E.12 
8.9E-13 
1 .OE- 12 
5.8E-13 
5.EE.13 
5.8E-13 
6.5E-13 
7.8E-13 
3.2E-13 
2.6E-13 
3.OE-13 
1.3E-13 
2.1E-13 
1.5E.13 
1.8E.13 
2.3E.13 
2.lE-13 
1.6E.13 
1.7E.13 
1.8E-13 
2.2E.13 
1.2E-13 
2.6E-13 
1.OE.13 
1.5E.13 
1.4E.13 
1 .OE-l3 

3.9 
3.8 
3.9 
3.5 
3.7 
3.9 
3.6 
3.5 
3.5 
3.6 
3.6 
3.6 
3.6 
3.5 
3.3 
3.4 
3.5 
3.4 
3.3 
3.3 
3.4 
3.5 
3.2 
3.3 
3.2 
3.4 
3.2 
3.4 
3.3 
3.4 
3.1 
3.4 
3.2 
3.6 
3.3 
3.4 
3.13 

NOTES: 
1) E.01 is the same as the value divided by 10': E-02 is the same as the value divided by 10': etc 
21 G M  = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM (Svlyearl GSD 

l . lE-14 
2.4E-14 
4.7E 14 
5.8E-14 
6.7E-14 
8.5E-14 
8.8E-14 
9.2E- 14 
9.8E-14 
1 . O E - l 3  
1 .1613 
1.1E-13 
l . lE-13 
1.2E-13 
1.2E-13 
1.2E.13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E.13 
1.3E-13 
1.3E.13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E.13 
1.3E.13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E.13 
1.3E-13 

2.7 
2.3 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
1.9 
1.9 
2.0 
1.9 
1.9 
2 . 0  
2.0 
1.9 
2 .o 
2.0 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
2.0 
1.9 
1.9 
1.9 

Immersion 
G M  (Sv/yearJ GSD 

5.3E-19 
5.3E-19 
9.OE- 19  
4.3E-19 
3.1E-19 
7.OE-19 
1.2E-19 
1.5E-19 
2.3E-19 
1.6E-19 
2.1E-19 
1 .OE-19 
1.2E-19 
6.OE-20 
6.OE-20 
6.OE-20 
7.OE-20 
8.3E-20 
2.5E-20 
1.8E-20 
2.3E-20 
4.OE-21 
1.2E-20 
5.3E-21 
8.3E-21 
1.4E-20 
1.1 E-20 
6.6E-21 
7.6E-21 
8.3E.21 
1.3E-20 
2.4E-21 
1.7E-20 
1.3E.21 
5.3E-21 
4.OE.21 
1.1E-21 

2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2 .2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2 .2  
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2 .2  
2.3 
2 .2  
2.3 
2.2 
2 .2  
2.2 



Pathway-Spedfic Dosea Auod.ted with Routlne Abbome Rebase of Depleted Uianium (continued) 
Denver 
(1953 ~ 1989) 

Year. 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 . 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

5 . 0 5  15 
l . lE-14  
2.1 E-1 4 
2.7E-14 
3.1 E-1 4 
3 .9514 
4.OE-14 
4.3E-14 

4.7E-14 
5.OE-1'4 
5.1 E-1 4 

5.3E-14 

4.5E-14 

5.3E-14 

5.4E-14 
5.5E-14 
5.6E-14 
5.7E-14 
5.7E-14 
5.7E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.8E-14 
5.9E-14 
5.9E. 14 
5.9E-14 
5.9E- 14 
5.9E.14 
5.9E-14 
5.9E-14 
5.9E-14 
5.9E- 14 

4.8 
4.5 
4.4 
4.1 
4.3 
4.1 
4.0 . 
4.4 
4.3 
4 .0  
4.1 

4.1 
4.3 
4.0 
4.0 
4.0 
4.1 
4.4 
4.2 
4.2 
4.2 
3.8 
4.3 
4.2 
3.9 
4.1 
4.1 
4.1 
4.2 
4.2 
3.9 
3.8 
4.0 
4.1 
4.2 
4.1 

4.2 

Milk Ingestion 
GM (Svlyear) GSD 

1.6E-12 
1.7E-12 
3.OE-12 
1.8E-12 
1.6E-12 
2.9E-12 
l . lE-12  
1.2E-12 
1.5E-12 
1.4E-12 
1.6E-12 
1.2E-12 
1.3E-12 
1.lE-12 
1.1E-12 
l . lE-12  
1.2E-12 
1.2E-12 
9.9E- 13 
9.6E-13 
1.OE-12 
8.9E-13 
9.4E-13 
9.OE-13 
9.2E-13 
9.6E-13 
9.4E-13 
9.2E-13 
9.3E-13 
9.3E-13 
9.5E-13 
9.OE-13 
9.8E-13 
9.OE-13 
9.2E-13 
9.lE-13 
9.OE-13 

5.4 
5.2 
5.2 
4.9 
4.8 
5.2 
4.9 
4.5 
4.8 
4.5 
4 . 6  
4 .6  
4 .5  
4.5 
4.5 
4.6 
4.4 
4.4 
4.7 
4.6 
4.5 
4.7 
4 .4  
4 .6  
4.8 
4 .6  
4 . 6  
4.5 
4.6 
4.5 
5.0 
4.6.  
4.7 
4.5 
4.6 
4.7 
4 .6  

Beef Ingestion 
GM (Svlyear) GSD 

4.5E-13 
4 9E-13 
8.6E-13 
5.1E-13 
4.3E-13 
8.1E-13 
3.OE-13 
3.5E-13 
4.2E-13 
3.8E-13 
4.3E-13 
3.3E-13 

2.9E-13 
3.6E-13 

2.9E-13 
3.OE-13 
3.1E-13 
3 .3513 
2.6E-13 
2.5E-13 
2.6E-13 
2.3E-13 
2.5E-13 
2.4E-13 
2.4E- 13 

2 . 5 6  13 

2.4E-13 
2.4E- 13 
2.5E-13 
2.4E-13 

2.5E.13 

2.4E-13 

2.6E.13 
2.3E-13 
2.4E- 13 
2.4E-13 
2.3E-13 

5.2 
4.8 
4.8 
4 . 0  
4.3 
5.3 
4.1 
4.3 
4 .4  
4.0 
4 .3  
4.3 
4.2 
4.1 
4.1 
4.3 
4.1 
4 . 0  
4.5 
4.2 
3.9 
4.6 
4.4 
4.5 
4.2 
4 .2  
4.3 
4.4 
4.5 
4 . 0  
4.3 
4.6 
4.5 
4.5 
4.4 
4.4 
4.4 

NOTES: 
1) E-01 is  the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv = 100 rem 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

2.4E. 13 
5.4E-13 
1.OE-12 
1.3E-12 
1.5E-12 
1.9E-12 
2.OE-12 
2.1E-12 
2.2E-12 
2.3E-12 
2.4E-12 
2.5E-12 
2.6E-12 
2.6E-12 
2.6E-12 
2.7E-12 
2.7E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E-12 
2.8E- 12 
2.8E-12 
2.9E-12 
2.9E.12 
2.9E-12 
2.9E-12 
2.9E-12 
2.9E-12 
2.9E-12 

3.7 
3.3 
3.2 
3.4 
3.3 
3.2 
3.2 
3.2 
3.3 
3.2 
3.2 
3.1 
3.1 
3.2 
3.3 
3 .0  
3.1 
3.2 
3.2 
3.2 
3.2 
3.2 
3.3 
3.1 
3.2 
3.2 
3.2 
3.2 
3 .1 .  
3.2 
3.1 
3.2 
3 .0  
3.3 
3.1 
3.2 
3.2 

Immersion in 
Resuspended Particulates 
GM (Sv/vearl GSD 

1.3E-22 
3.OE.22 
5.7E-22 
7.1E-22 
8.1E-22 
1.OE-21 
1 .1521 
l.1E-21 
1.2E-21 
1.3E-21 
1.3E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.5E-21 
1.6E-21 
1.6E-21 
1.6E-21 
1.6E-21 
1.6E-21 
1.6E.21 
1.6E-21 
1.6E-21 
1.6E-21 
1.6E-21 
1.6E-21 

3 .3  
2.8 
2.7 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.7 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.7 
2.5 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.4 
2.5 
2.6 
2.5 
2.6 
2.6 

I 
Totel'Dom 

GM ISvlyear) I GSD 
I 

9.9E-10 1 
9.9E-10 1 
8.OE-10 I 
1.7E-09 I 

5.9E-10 
1.3E-09 1 
2 . 2 ~ - 1 0  i 
2.9E-10 I 
4 . X - 1 0  I 

3.lE-10 1 
4.OE-10 1 

2.3510 1 

1.2E-10 I 
1.2E-10 
1.4E-10 1 
1.7E-10 I 

5.7E-11 ~ 

4.4E-11 I 
5.4E.11 I 

2.OE-10 I 
1.2E-10 1 

1.6E-11 1 
3.2E-11 1 
1.9E-11 I 
2.5E-11 3.7E-11 , I 
3.1E-11 I 
2.2E-11 1 
2.3E-11 / 
2.5E-11 1 
3.5E-11 
1.3E-11 
4.2E-11 I 
1.OE-11 1 
1.9E-11; 
1.6E-11 1 

9 . 8 ~ - 1 2  j 
I 

2.8 
2.8 
2.7 
2.8 
2.8 
2.9 
2.7 
2.7 
2.6 
2.8 
2.6 
2.8 
2.8 
2.7 
2.6 
2.6 
2.7 
2.8 
2.5 
2.5 
2.5 
2.3 
2.4 
2.2 
2.3 
2.4 
2.4 
2.3 
2.2 
2 .1  
2.3 
2.2 
2.4 
2.3 
2.3 
2.3 
2.2 
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Pathway-Sped& Doaea Aaaodated with Routine Airborne Release uf Depleted Uranium 
Lahewood 
I 1  953 . 19891 - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960. 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

inhalation 
G M  ISvlyear1 GSD 

1.2E-09 2.8 
1.2E-09 2.8 
2.OE-09 2.7 
9.8E-10 2.8 
7.2E-10 2.8 
1.6E-09 2.9 
2.6E-10 2.7 
3.5E-10 2.8 
5.1E-10 2.9 
3.6E-10 2.9 
4.8E-10 2.9 
2 . 3 5 1 0  2.9 
2.7E-10 2.8 
1.4E-10 2.8 
1.4E-10 2.9 
1.4E-10 2.9 
1.6E-10 2.9 
1.9E-10 2 .9  
5.6E-11 2 .8  
4.1E-11 2.8 
5 . X - 1 1  3.0 
9.OE-12 2.9 
2.7E-11 2.8 
1.2E-11 2.7 
1.9E-11 2.7 
3.2E-11 2.9 
2.6E-1 1 2.9 
1.5E-11 2.9 
1.7E-11 2.8 
1.9E-11 2.9 
3.OE-11 2.8 
5.4E-12 2 .9  
M E - 1 1  2.9 
2.9E-12 2.8 

. 1.2E-11 3.0 
9.OE- 12 2.9 
2.5E-12 2.8 

Soil Ingestion 
GM (Svlyear) GSD 

3.6E-14 4 .5  
7.9E-14 3.9 
1.5E-13 4.0 
1.9E-13 3 .9  
2.2E-13 3 .7  
2.8E.13 3.7 
2.9E-13 3.7 
3.OE-13 3.9 
3.2E-13 3.6 
3.4E-13 3.9 
3.6E.13 3.9 
3.6E.13 3.8 
3.8E.13 3.8 
3.8E-13 3.5 
3.9E-13 3.8 
3.9E.13 3.9 
4.OE-13 3.8 
4.1 E-1 3 3.7 
4 . 1 5 1 3  3.7 
4.1E-13 3.6 
4.1E-13 3.7 
4.1E-13 3 .9  
4.1 E-1 3 3.6 
4.1E-13 3.9 
4.1 E-1 3 3.0 
4.2E.13 3.'? 
4.2E-13 3.7 
4.2E-13 3.5 
4.2E-13 3.0 
4 . 2 6 1 3  3.8 
4.2E-13 3.8 
4.2E-13 3.8 
4.2E-13 3.7 
4.2E.13 3.6 
4.2E-13 3.8 
4.2E-13 3 .6  
4.2E.13 3.8 

- 
~~ 

Vegetable Ingestion 
GM ISrlyearl GSD 

4.7E- 12 4 . 0  
4.7E-12 3.6 
0.OE-12 3 .9  

' 3.9E-12 3.7 
2.9E.12 3 . 6  
6.3E-12 3 .9  
1.2E.12 3.5 
1.5E-12 3.4 
2.2E-12 3.6 
1.6E-12 3.7 
2.1E.12 3.7 
1 .1E-l2 3.5 
1.3E-12 3.3 
7.3E-13 3.3 
7.3E-13 3.2 
7.2E-13 3.6 
8.1E-13 3.5 
9.3E.13 3.5 
3.9E-13 3.2 
3 .3313 3.1 
3.8E-13 3.1 
1.7E-13 . 3.3 
2.6E-13 3.1 
1.9E.13 3.4 
2.2E-13 3.5 
2.9E-13 3.0 
2.6E-13 3 .2  
2.OE-13 3.2 
2.2E-13 3.2 
2.2E-13 3.1 
2.8E-13 3.3 
1.5E-13 3.6 
3.1E-13 , 3.2 
1.3E-13 3.6 
1.9E-13 3.3 
1.7E-13 3.3 
1.3E-13 3.7 

NOTES: 
11 E-01 is the same as the value divided by 10': E-02 is the same as the ralue divided by 10': etc. 
21 GM a Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sr = 100 rem 
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Ground Eaposure 
GM (Svlyear) GSD 

1.4E-14 
3.OE-14 
5.9E-14 
7.4E-14 
8.4E.14 
1.1 E-1 3 
1.1E-13 
1.2E.13 
1.2E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E.13 
1.6E-13 
1.6E-13 
1.6E.13 
1.6E.13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 

2.4 
2.2 
2.1 
2.1 
2.0 
2.0 
1.9 
2.0 
2.0 
1.9 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2 .o 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 

I m m e r s i o n 
GM (Sv/vearl GSD 

6.6E-19 2.3 
6.6E-19 2.2 
1.1E-18 2.2 
5.4E-19 2.2 
3.9E-19 2.3 
8.7E-19 2.2 
1 .4519 2.3 
1.9E-19 2.2 
2.8E-19 2.2 
2.OE-19 2.2 
2.6E-19 2.2 
1.3E-19 2.2 
1.5E-19 2.2 
7.5E-20 2.2 
7.5E-20 2.3 
7.5E-20 2.2 
0.7E-20 ' 2.3 
1.OE-19 2.3 
3.1 E-20 2.2 
2.3E-20 2.2 
2 . 9 5 2 0  2.2 
5.OE-21 2 .2  
1.5E-20 2.3 
6.6E-21 2.2 
1 .OF20 2.3 
1.8E-20 2.2 
1.4E.20 2.3 
8 . X - 2 1  2.3 
9.5E-21 2.2 
1 .OE-20 2.3 
1.7E-20 2.2 
3.OE-21 2.3 
2. lE-20 2.2 
1.6E-2 1 2.2 
6.6E-21 2.2 
5.OE.21 2.2 
1.4E-21 2.2 



Pethwey-SpeciRc Doam Aa8Odst.d with Routlm AI- Release of Depleted Uranium Icontinwdl 
Lahewood 
(1 953 ~ 1989) 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988. 
1989 

Wheat Ingestion 
GM ISvlyearI GSD 

6.3E- 15 
1.4E-14 
2.7E.14 
3.4E-14 
3.9E-14 
4.9E-14 
5.1 E-14 
5.4E-14 
5.7E-14 
6.OE-14 
6.3E- 14 
6.5E- 14 
6.7E-14 
6.8E-14 
6.8E-14 
6.9E-14 

7.2E-14 
7.OE-14 

7.2E-14 
7.2E-14 
7.3E-14 
7.3E- 14 
7.3E-14 
7.3E-14 

7.3E-14 

7.4E-14 

7.3E-14 

7.4E-14 

7.4E-14 
7.4E-14 
7.4E-14 
7.5E- 14 
7.5E- 14 
7.5E-14 
7.5E-14 
7.4E-14 
7.5E-14 

4.6 
4.7 
4.2 
3.9 
4.2 
4.2 
4.2 
3.9 
4.3 
4.4 
4.0 
4.3 
4.0 
4.1 
4.1 
4.1 
4.2 
4.4 
4.1 
3.9 
4.3 
3.7 
4.2 
4.1 
4.4 
4.1 
4.0 
4.1 
4.1 
3.9 
3.8 
4.3 
4.1 
4.0 
4.0 
4 .0  
3.9 

Milk Ingestion 
GM (Svlvearl GSD 

2.OE- 1 2 
2.2E-12 
3.8E- 1 2 
2.3E-12 
2.OE-12 
3.6E-12 
1.4E-12 
1.6E-12 
2.OE-12 
1.7E-12 
2.OE-12 
1.5E-12 
1.6E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.5E-12 
1.6512 
1.351 2 
1.2E-12 
1.3E-12 
1.1E-12 
1.2E-12 
1.1E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1 .2512 
1.2E-12 
1.lE-12 
1.2E-12 
l . l E - 1 2  
1.2E-12 
1.2E-12 
1.1 E-1 2 

5 . 0  
4 .9  
4 .8  
5.3 
5.0 
5 . 0  
4.5 
4.7 
4.7 
4.7 
4.3 
4.5 
4.3 
4.1 
4.5 
4.8 
4.4 
4.8 
4.6 
4.5 
4.7 
4.4 
4.4 
5.0 
4.4 
4.9 
4.5 
4.6 
4 .0  
4.6 
4.6 
4.7 
4.4 
4.8 
4.2 
4.9 
4.5 

~~~ ~~ 

Beef Ingestion 
GM ISvlyearl GSD 

5.6E.13 
6.1E.13 
l . lE-12  
6.4E-13 
5.5E-13 
1 .OE- 12 
3.8E-13 
4.4E- 13 
5.4E-13 
4.6E-13 
5.5E-13 
4.3E-13 
4.4E-13 
3.6E-13 
3.7E-13 
3.8E-13 
3.9E-13 
4.1E.13 
3.3E-13 
3.2E-13 
3.3E-13 
3kE-13 

3.OE-13 
3.1E-13 

3.OE-13 
3.2E-13 
3.1E-13 
3.OE-13 
3.1E-13 
3.1E-13 
3.26-13 
3.OE-13 
3.3E-13 
2.9E-13 
3.1E-13 
3.OE-13 
2.9E-13 

5.5 
4.6 
5.1 
4.2 
4.5 
4.4 
4.1 
4 . 0  
4 .3  
4.4 
4.2 
4.0 
4.3 
4.3 
4.1 
4.3 
3.8 
4.1 
4.1 
4.3 
4.3 
4.2 
4.4 
4.2 
4.1 
4.2 
4.1 
4 .4  
4.4 
4.2 
4.3 
5.0 
4.2 
4.1 
4.4 
4.6 
4.3 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc: 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

3.1 E-1 3 
6.8E-13 
1.3E-12 
1.6E-12 
1.9E-12 
2.4E- 12 
2.5E-12 
2.6E-12 
2.8E-12 
2.9E-12 
3.1E-12 
3.1E-12 
3.2E-12 
3.3E-12 
3.3E-12 
3.4E-12 
3.4E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3.5E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.66-12 
3 .651 2 
3.6E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.6E-12 
3.6E-12 

3.8 
3.5 
3.3 
3.1 
3.2 
3.3 
3.1 
3.2 
2.9 
3.1 
3.2' 
3.3 
3.1 
3.1 
3.2 
3.0 
3.2 
3.2 
3.1 
3.0 
3.1 
3.0 
3.1 
3.1 
3.1 
3.2 
3.0 
3.1 
3.2 
3.2 
3.2 
3 . 0  
3.1 
3.3 
3.2 
3.0 
3 .0  

Immersion in 
Resuspended Particulates 
GM ISvlyearI GSD 

1.7E-22 
3.7E-22 
7.2E-22 
9.OE-22 
1 .OE-21 
1 .3521 
1.4E-21 
1 .452 1 
1.5E-21 
1.6E-21 
1.7E-21 
1.7E-21 
1.8E-21 
1.8E-21 
1 .8E-21 
1.8E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-21 
1.9E-2 1 
2.OE-21 
2.OE-21 
2 .OE-2 1 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 
2.OE-21 

3.1 
2.8 
2.6 
2.6 
2.6 
2.7 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.7 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 

1 
Total Dose 

GM ifvlvear) I GSD 

1 

Z.IE-O~ j 

1.2E-09 1 
1.2E-09 i 

1.OE-09 1 

1 

7.4E-10 
1.6E-09 i 
2.8E-10 
3.6E-10 , 
3.8E-10 
5.OE-10 , 
2:5E-10 , 

2.9E-10 ' 
1.5E-10 1 

1 1.5E-10 
1.5E-10 
1.7E-10 

7.1E-11 i 
5.5E.11 ' 

1 6.6E-11 1 

2.1E-10 , 

2.OE-11 1 
4.OE-11 
2.4E-11 1 
3.1E-11 
4.6E-11 

1 2.7E-11 1 
3.9E-11 

2.9E-11 
3.1E-11 
4.4E-11 
1.6E-11 1 
5.2E-11 I 
1.3E-11 1 
2.4E-11 ~ 

2.1E.11 1 
1.2E-11 i 

2.8 
2.8 
2.7 
2.8 
2.8 
2.8 
2.6 
2.7 
2.8 
2.8 
2.8 
2.7 
2.7 
2.6 
2.7 
2.7 
2.7 
2.7 
2.5 
2.4 
2.6 
2.2 
2.4 
2.2 
2.2 
2.4 
2.3 
2.3 
2.3 
2.4 
2.4 
2.2 
2.4 
2.1 
2.3 
2.1 
2.1 
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Pathway-Spedfk Dwn Assdated with Routine Airborne Rderre of Depbted Urardm 
Longmont 
I 1  953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

' 1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Sv/yeari GSD 

4.1 E-1 0 2.8 
4.1 E-10 2 .8 '  
6.9E-10 2.8 
3.3E- 10  2.8 
2.4E- 10  2 .9  
5.3E-10 3.0.  
8.9E-11 2.7 
1.2E-10 2.9 
1.7E-10 2.9 
1 . 2 5 1 0  2.8 
1.6E-10 3.0 
7.9E.11 2.9 
9.1E-11 2.9 
4.6E-11 2.9 
4.6E-11 2.9 

. 4.6E-11 2.8 
5.3E.11 2.9 
6.4E-11 2.9 
1.9E-11 2.7 
1.4E.11 2.9 
1.8E-11 2.7 
3.OE- 12 3.0 
9.1 E-1 2 3.0 
4.1E-12 3.0 
6.4E-12 2 .8  
1.lE-11 2.8 
8.6E-12 2.8 
5.1E.12 2.8 
5.9E-12 2.8 
6.4E-12 2.9 
1 .OE- 1 1 2.9 
1 .M-12 2.9 
1.3E-11 2.9 
9.6E- 13 2.8 
4.1E-12 3.0 
3.1 E-1 2 2.7 
8.4E-13 3.0 

Soil Ingestion 
GM (Svlvearl GSD 

~ ~~~~ ~ ~ 

1.2E.14 4.1 
2.7E- 14 4.2 
5.1E- 14 4.1 
6.4E-14 3.9 
7.3E-14 3 .9  
9.3E-14 3.7 
9.7E.14 3.9 
1.OE-13 3.7 
1.1E-13 3.8 
1.1 E-1 3 3.8 
1.2E-13 4 .2  
1 .2E- l3 3.7 
1.3E.13 3.8 
1.3E-13 3.7 
1.3E-13 4.0 
I .3E.13 3.8 
1.3E-13 3.7 
1.4E-13 3.7 
1.4E-13 3.8 
1.4E-13 3.7 
1.4E-13 3.5 
1.4E-13 3.9 
1 . 4 6 1 3  3.8 
1.4E.13 3 .8  
1.4E.13 3 .8  
l.4E-13 3.7 
1.4E.13 3.7 
1.4E-13 3.9 
1.4E-13 3.6 
1.4E.13 3.8 
1.4E-13 3.9 
1.4E-13 3.6 
1.4E.13 3.7 
J.4E-13 3.6 
1.4E-13 3.8 
1.4E-13 3.8 
1.4E-13 3.8 

Vegetable Ingestion 
GM (Svlyearl GSD 

1.6E.12 3.8 
1.6E-12 3.6 
2 . 7 ~ -  i 2 3.6 
1.3E-12 3.8 
9.8E-13 3.7 
2.1E-12 3.7 
4.1E-13 3.5 
5.2E-13 3.5 
7.3E-13 3.5 
5.4E-13 3.4 
7:OE- 13 3.7 
3.7E-13 3.5 
4.3E-13 3.4 
2.4E-13 3.5 
2.4E-13 3.5 
2.4E-13 3 . 2  
2.8E.13 3.5 
3.2E-13 3 .3  
1.3E-13 3.4 
1.1E-13 3.5 
1.3E.13 3 .3  
5.7E-14 3 .6  
8.7E-14 3.3 
6.3E- 14 3.5 
7.3E.14 3.4 
9.8E-14 3.3 
8.6E-14 3.3 
7.OE-14 3.4 
7.2E- 14 .3.3 
7.5E-14' 3 .3 
9.4E-14 3.4 
5.OE-14 3.5 
.1.1 E- 1 3 3.3 
4.4E-14 3.8 
6.3E.14 3.4 
5.9E- 14 3.3 
4.3E-14 3.8 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 io the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 

1 of 2 

Ground Exposure 
GM (Svlyear) GSD 

4.6E-15 , 2.6 
1.OE-14 2.3 
2.OE-14 2.1 
2.4E-14 2.0 
2.8E-14 2.1 
3.6E-14 2.0 
3.7E- 14 2.0 
3.9E-14 2.0 
4.2E-14 2.0 
4.3E-14 2 .o 
4.6E- 14 2.0 
4.7E-14 1.9 
4.8E-14 2.0 
4.9E- 14 2.0 
5.OE-14 2.0 
5 . N - 1 4  2.0 
5.1 E-1 4 1.9 
5.2E-14 1.9 
5.2E.14 2.0 
5.3E-14 1.9 
5.3E-14 2.0 
5.3E-14 2.0 
5.3E- 14 1.9 
5.3E-14 1.9 
5.3E-14 1.9 
5.3E-14 1.9 
5.4E- 14 1.9 
5.4E-14 1.9 
5.4E-14 1.9 
5.4E-14 2.0 
5.4E114 1.9 
5.4E-14 1.9 
5.4E.14 1.9 
5.4E-14 2.0 
5.4E-14 1.9 
5.4E-14 2.0 
5.4E-14 2.0 

Immersion 
GM [Svlyear) GSD 

2.2E-19 2.3 
2.2E-19 2.2 
3.8E-19 2.2 
1.8E-19 2.3 
1 .3519 2.3 
2.9E-19 2.2 
4.9E-20 2.3 
6.4E-20 . 2.3 
9.5E.20 2.3 
6.7E-20 2.2 
8.9E-20 2.2 
4.3E-20 2.3 
5.OE-20 2.2 
2.5E-20 2.2 
2.5E-20 2.2 
2.5E-20 2.3 
2.9E-20 2.3 
3.5E-20 2.3 
1 .OE-20 2.2 
7.7E-21 2.3 
9.BE-21 2.3 
1.7E-21 2.3 
5.OE-21 2.3 
2.2E-21 2.3 
3.5E-21 2.2 

. 6.OE-21 2.2 
4.7E-21 2.2 
2.8E-21 2.2 
3.2E-21 2.2 
3.5E-21 2.2 
5.6E-2 1 2.2 
1 .OE-21 2.3 
7.1E-21 2.3 
5.3E-22 2.2 
2.2E-21 2.2 
1.7E-21 2.2 
4.6E-22 2.3 



Pathway-Spedflc Oorer A r ~ o d a s d  with Rwtlns Ahbome Rdease of Deplsted Ursnium (continued) 
Longmont 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982' 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

2.1E-15 
4.7E-15 

l.lE-14 
9.lE- 15 

1.3E-14 
1.7E-14 
1.7E-14 
1 BE-14 
1.9E-14 
2.OE-14 
2.1 E-1  4 
2.2E-14 
2.2E-14 
2.3E- 14 
2.36-14 
2.3E-14 
2.4E-14 
2.4E-14 
2.4E-14 
2.4E-14 
2.4E- 14 
2.4E-14 
2.4E-14 
2 . 4 5  14 
2.5E-14 
2.5E-14 
2.5E-14 
2.5E- 14 
2.5€:14 

2.5E-14 
2.5E-14 

2.5E- 14 

2.5E-14 
2.5E-14 
2.5E-14 
2.5E-14 
2.5E-14 

4.9 
4.3 
4.3 
4.4 
4.3 
4.0 
4.1 
4.2 
4.1 
4.2 
4.3 
4.3 
4.1 
4.2 
4.2 
3.8 
4.1 
4.1 
4 .0  
4.4 
3.8 
4.3 
4.5 
4.2 
3.8 
4.2 
4.3 
4.4 
4.1 
4.2 
4.1 
4.2 
4.2 
4.1 
4.3 
4.0 
4.3 

Milk Ingestion 
GM ISvlyear) GSD 

6.8E-13 
7.5E-13 
1.3E.12 
7.6E-13 
6.7E-13 
1.2E-12 
4.6E- 13 
5.4E- 13 
6.5E-13 
5.7E-13 
6.6E.13 
5.26-13 
5.4E-13 
4.6E-13 
4.6E-13 
4.7E-13 
4.9E-13 
5.2E-13 
4.2E-13 
4.1 E-1  3 
4.2E- 13 
3.861 3 
4.OE-13 
3.8E- 13 
3.9E-13 
4.OE-13 
4.OE-13 
3.9E.13 
3.9t-13 
4.OE.13 
4.1E.13 
3.8E-13 
4.2E-13 
3.8E-13 
3.9E-13 
3.9E-13 
3.8E-13 

5.6 
5.3 
5.5 
5.0 
4.5 
4 .9  
4.5 
5.0 
4.9 
5.0 
4.4 
4.4 
4.4 
4.8 
4.3 
5.1 
4.4 
4.7 
4.7 
4.7 
4.6 
4.7 
4.8 
4 .4  
4.6 
4.8 
4.4 
4 .9  
4.3 
4.7 
4.7 
4.3 
4.6 
4.8 
5.1 
5.1 
4.7 

Beef Ingestion 
GM (Svlyearl GSD 

1.9E. 13 
2.1E-13 
3.6E- 13 
2.1E.13 
1.8E-13 

1.3E-13 
1.4E-13 

3.4E.13 

1.8E-13 
1.6E-13 
1.8E-13 
1.4E-13. 
1.5E-13 
1.2E-13 
1.2E-13 
1.3E-13 
1.3E-13 
1.4E-13 
1 .1E-l3 
l . lE-13 
l . lE-13 
9.9E- 14 

1.OE-13 

l . lE-13 
1.1E-13 

1 .OE-l3 

1.OE-13 

1.OE-13 
1.OE-13 
1 .OE- 13 
1.1E-13 
1.OE-13 
l . lE-13 
9.9E-14 
1 .OE- 13 
1 .OE- 13 
9.9E-14 

5.1 
4.7 
4.7 
4.3 
4.3 
4.4 
4.4 
4.2 
4.1 
4.1 
4.3 
4.4 
4.1 
4.6 
4.1 
4.6 
4 .4  
4.3 
4.5 
4.1 
4.2 
4.8 
3.9 
4 . 0  
4.1 
4.4 
4.4 
4.4 
4.3 
4.3 
4.4 
4 .3  
4.2 
4 .3  
4.1 
4.5 
4.8 

NOTES: 
1 )  E-01 is the same as the value divided by 10'; E-02 is the same a$ the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

Inhalation of 
Resuspended Par t iculat es 
GM (Svlyear) GSD 

1 .OE-13 
2.3E-13 
4.4E.13 
5.5E-13 
6.3E-13 
8.OE-13 
8.3E-13 
8.7E-13 
9.3E- 13 
9.7E-13 
1.OE-12 
l.lE-12 
1.1E.12 
1.1E-12 
l.lE-12 
1.1E-12 
1 . 1  E - 1  2 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E.12 
1.2E-12 
1.2E-12 
1.2E-12 
1.251 2 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 

3.6 
3.5 
3.2 
3.2 
3.2 
3.3 
3.0 
3.2 
3.0 
3.2 
3.2 
3.1 
3.2 
3.3 
3.2 
3.2 
3.1 
3.3 
3.2 
3.2 
3.0 
3.1 
3.3 
3.2 
3.2 
3.0 
3.3 
3.0 
3.2 
3.1 
3.3 
3.2 
3.1 
3.2 
3.2 
3.2 
3.3 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

5.6E-23 
1.3E-22 
2.4E-22 
3.0E.22 
3.46-22 
4.4E-22 
4.5E-22 
4.8E-22 
5.1E-22 
5.3E-22 
5.6E-22 
5.8E-22 
5.9E-22 
6.0E-22 
6.1 E-22 
6.2E-22 
6.3E-22 
6.4E-22 
6.4E-22 
6.5E-22 
6.5E-22 
6.5E-22 
6.5E.22 
6.5E-22 
6.6E-22 
6.5E-22 
6.6E-22 
6 .N-22  
6.6E-22 
6.6E.22 
6.6E-22 
6.6E-22 
6.  BE-2 2 
6.6E.22 
6.7E-22 
6.7E-22 
6.7E-22 

3.1 
2.8 
2.7 
2.7 
2.6 
2.7 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.7 
2.6 
2.5 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.7 
2.6 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 

I 
Total Dose 

GM (Sv/yearl I GSD 
I 

4.1E-10 1 
4.1E-10 1 
7.OE-10 I 
2.5E-10 

9.4511 1 
1.2E-10 1 
1.8E-10 
1.3E-10 I 
1.7E-10 I 

3.4E-10 I 

5.5E-10 I 

8.5E-11 I 
9.7E-11 1 
5.1E-11 I 
5.1E-11 
5.1511 1 
5.9E-11 I 
7.OE-11 
2.4E-11 
1.9E-11 
2.3E-11 j 
6.8E-12 ! 
1.4E-11 1 

1.lE-11 1 
1.5E-11 1 
1.3E-11 I 

9.9E- 12 I 

1.5E.11 I 
5.3E-12 ' 
4.2E-12 I 
6.9E-121 

I 
8.OE-12 1 

9.OE- 12 I 
1 . O E - 1 1  1 

1.8E-11 I 
8.lE-12 ~ 

4.1 E - 1  21 
I 

2.8 
2.7 
2.7 
2.8 
2.8 
2.9 
2.6 
2.8 
2.8 
2.7 
2.9 
2.7 
2.8 
2.7 
2.7 
2.6 
2.7 
2.1 
2.5 
2.4 
2.4 
2.3 
2.5 
2.3 
2.3 
2.4 
2.4 
2.2 
2.3 
2.3 
2.4 
2.2 
2.5 
2.2 
2.3 
2.2 
2.2 

UD. 15.XLS 

. I  

2012; i 



PATHWAY-SPECIFIC DOSES ASSOCIATED 
WITH ROUTINE AIRBORNE RELEASE . 

OF ENRICHED URANnrm 



Paihwey-Speclfii Dows A s s ~ l a d  with Routlne Alrbome Release of Enriched Uranium (continued) 
sector 1 
(1953. 1989) 

1.3E-10 
1.3E-10 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyearl GSD 

3.3E-16 
7.3E-16 
3.6E-15 
4.3E-14 
6.1E-14 
7.6E-14 
1.OE-13 
1.4E-13 
1.6E-13 
1.7E-13 
1.9E-13 
1.9E-13 
2.OE- 13  
2.1 E-1 3 
2.2E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E- 13  
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.5E-13 
2.5E-13 
2.5E-13 
2.5E-13 
2.5E-13 

4.8 
4.6 
4.2 

4.4 
4.4 
4.4 
4.2 
4.2 
3.9 
4.2 
4.2 
4.2 
4 .5  
4.1 
4.2 
4.2 
4.0 
4.6 
4.1 
4.0 
4.1 
4. I 
4.1 
4 .0  
3.9 
4.1 
4.0 
3.9 
4.1 
4.1 
3.9 
4.1 
4.2 
4 .3  
4.1 
4.1 

4.8 

Milk Ingestion 
GM ISvlyearI CSD 

1.OE.13 
l . lE-13 
8.4E-13 
1.2E 11 

,5.4E-12 
5.OE- 1 2 
7.9E-12 
1.2E-11 
8.6E-12 
6.2E.12 
7.3E-12 
5.7E-12 
5.9E-12 
6 .X-12  
5.1E-12 
6.OE-12 
4.4E-12 
4.7E.12 
4 .X-12  
3.6E-12 
3.8E-12 
4.1E-12 
4.1E-12 
3.9E-12 
4 . 0 5  1 2 
4.OE-12 
3.8E-12 
4.OE- 12 
3.9E-12 
3.9E-12 
4.OE- 12 
4.1E-12 
3.9E-12 
3.9E.12 
3.8E-12 
3.7E-12 
3.8E- 12 

5.5 
4.7 
5.3 
5.6 
5.2 
4.5 
5.2 
5.3 
4.9 
4.5 
4.5 
4.4 
4.7 
4.4 
4.3 
4.6 
4.4 
4.7 
4.7 
5.0 
4.6 
4.5 
4 .3  
4 .3  
4.7 
5.1 
4.3 
4.5 
4.7 
4.5 
4.4 
4.7 
4.5 
4.6 
4.8 
4.6 
4.9 

Beef Ingestion 
GM (!%/year) GSD 

3.OE-14 
3.2E-14 
2.4E-13 
3.4E-12 
1.5E-12 
1.4E-12 
2.2E-12 
3.4E-12 
2.4E-12 
1.7E-12 
2.1E-12 
1.6E-12 
1.6E-12 
1.8E-12 
1.4E-12 
1.6E-12 
1.2E-12 
1.2E-12 
1.2E-12 
9.5E-13 
1.OE-12 
1.1E-12 
1.1E-12 
1 .OE- 12 

1.1E-12 
1 .OE-l2 
1.OE-12 
1 .OE- 1 2 
1 .OE-12 
l.lE-12 
1.1E-12 
1.OE-12 
1.OE-12 
9.9E-13 
9.8E- 13  
1 .OE-l2 

1.1 E-1 2 

4.9 
4.8 
5.0 
5.0 
4.6 
4.3 
4.3 
4.6 
4.6 
3.8 
4.3 
4.4 
4.0 
4.1 
4.1 
4.1 
4.2 
3.9 
4.1 
4.5 
4.2 
4.4 
4.5 
4.0 
4.1 
4.3 
4.3 
4.2 
4.2 
4.2 
4 .3  
4.2 
4.7 
4.2 
4.6 
4.3 
4.2 

Inhalation 01 
Resuspended Particulates 
GM (Svlyear) GSD 

1.6E-14 
3.6E.14 
1.7E-13 
2.lE-12 
3.OE.12 
3.7E-12 
4.96-12 
6.7E-12 
7.7E-12 
8.3E-12 
9.1E-12 
9.5E-12 
9.9E-12 
1.OE-11 
1 .lE-11 
1.lE-11 
l.lE.11 
1.lE-11 
1.1E.11 
1.1E-11 
1.lE-11 
1.2E-11 
1.2E-11 
1.2E-11 
1 . x - 1 1  
1.2E-11 
1.2E-11 
1.2E-11 
1.2E.11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E.11 
1.2E-11 
1.2E-11 

3.6 
3.4 
3.5 
3.4 
3.2 
3.3 
3.2 
3.1 
3.1 
3.1 
3.2 
3.1 
3.1 
3.1 
3.1 
3.3 
3.1 
3.2 
3.2 
3.2 
3.2 
3.1 
3.2 
3.2 
3.1 
3.2 
3.1 
3.1 
3.3 
3.1 
3.1 
3.2 
3.1 
3.2 
3.1 
3.2 
3.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv = 100 rem ,& 
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Immersion in 
Resuspended Particulates 
GM (Svlyearl GSD 

1.7E-23 
3.8E-23 
1.9E-22 
2.3E-21 
3.2E.21 
3.9E-21 
5.2E-21 
7.1E-21 
8.2E-21 
8.9E-21 
9.7E-21 
1 .OE-20 
l . lE-20 
1.1E-20 
l.lE-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.3E-20 
1 .3520 
1.3E-20 
1.3E-20 
1.3E-20 
1 x 2 0  
1.3E-20 
1 .X-20  
1.3E-20 
1.3E-20 
1.3E-20 
1.3E-20 

3.2 
2.8 
2.9 
3.0 
2.7 
2.7 
2.5 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.0 
2.5 
2.6 
2.5 
2.5 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.4 
2.6 
2.5 

I 
Total Dose 

GM ISvlyear) GSD 
I 

6.4E-11 I 

i 6.4E-11 

5.1E-10 7.5E-09 I 
2.6E-09 ~ 

2.7 
2.8 
2.8 
2.8 
2.8 
2.9 
2.7 
2.9 
2.8 
2.8 
2.9 
2.7 
2.7 
2.8 
2.6 
2.7 
2.6 
2.6 
2.6 
2.2 
2.3 
2.5 
2.6 
2.5 
2.4 
2.5 
2.4 
2.4 
2.4 
2.3 
2.4 
2.5 
2.3 
2.3 
2.2 
2.2 
2.2 



- 
Yam - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1982 
1963 
1964 
1985 
1968 
1967 
1988 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM ISvlyead GSD 

6.3E.11 
6.3E.11 
5.OE- 10 
7 . X - 0 9  
2.6E-09 
2.1E.09 
3 .X -09  
5.8E-09 
3.2E-09 
1.7E-09 
2.3E -09 
1.3E-09 
1.3E.09 
1.6E-09 
7 .X -10  
1.1E-09 
3.4E-10 
4.4E-10 
2.8E-10 
2.7E-11 
8.4E-11 
1.8E-10 
1.9E.10 
1.1E-10 
1.4E-10 
1 .M-10 
6.3E-11 
1.OE.10 
8 .N-11 
8.4E.11 
1.4E-10 
1.4E-10 
6.2E-11 
7.3E-11 
3.1E-11 
1 .EE-11 
3.6E.11 

2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
2.7 
2.9 
2.9 
2.9 
2.9 
2.7 
2.8 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
3 0  
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.9 
2.9 
2.9 
2 9  
2.9 
2.8 

~ ~~ ~ _ _  

Soil Ingestion 
GM ISvlvear) GSD 

1.8E.15 
4.1E.15 
2.OE.14 
2.4E.13 
3.4E-13 
4 . X - 1 3  
5.7E.13 
7.7E.13 
8.9E.13 
9.6E.13 
1 .OE-12 
1.1E-12 
1 .1€.12 
1.2E-12 
1.2E.12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E.12 
1 .X -12  
1 X . 1 2  
1.3E-12 
1.4E-12 
1 AE.12 
1.461 2 
1.4E-12 
1.4E.12 
1.4E.12 
1 , 6 1 2  
1.4E-12 
1 .4E-12 
1 M . 1 2  
1.4E-12 
1.4E-12 

4.3 
4.1 
4.0 
4 .2  
4 .0 
4.0 
3 8  
4.0 
3 3  
3.7 
3.6 
3.6 
3.8 
3.7 
3.8 
3.8 
3.9 
3.9 
3.9 
3.9 
3.8 
3.7 
3.7 
3.7 
3.9 
3.9 
3.8 
3.7 
3.6 
3.8 
3.8 
3.5 
4.1 
3.7 
3.6 
3.7 
3.8 

Vegetable Ingestion 
GM ISvlyear) GSD 

2.4E-13 
2.5E.13 
1.9E-12 

' 2.8E-11 
l.OE.11 
8.3E-12 
1.5E-11 
2.3E-11 
1 .X -11  
7.061 2 
9.4E-1 2 
5.7E.12 
5.8E-12 
6.8E-12 
3.5E-12 
5.OE-12 
2.OE-12 
2.4E-12 
1.7E.12 
6.3E.13 

(8.4E-13 
1.3E-12 
1 X . 1 2  
9.EE-13 
1.1E-12 
1.1E-12 
7.3E.13 
9.4E-13 
8.5E-13 
8.2E.13 
1.1E.12 
1.1E-12 
6 . X - 1 3  
8.OE-13 
5.7E-13 
4.9E-13 
6.0E.13 

3.7 
3.8 
4.0 
3.7 
3.9 
3.7 
3.7 
3.9 
3.9 
3.8 
3.7 
3.3 
3.7 
3.7 
3.5 
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.3 
3.3 
3.4 
3.3 
3.1 
3.6 
3.3 
3.3 
3.3 
3.4 
3.1 
3.3 
3.4 
3.5 
3.5 
3.3 

NOTES: 
1) E-01 ir the same as the vdue divided by 10'; E-02 is the same as the vJue divided by 1CP; etc, 
21 GM - Geometric Mean 
3) GSD - Geometric Standard Devirtjon 
4) Sv = Sievmt; 1 Sv - 1 0 0  rem 
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Ground Emposure 
GM ISvlveor) GSD 

8.9E-16 
2.OE-15 
9.8E-15 
1.2E-13 
1 . X - 1 3  
2.1E-13 
2.8E-13 
3 . M -  13 
4.4E-13 
4.7E.13 
5.1 E-1 3 
5.3E-13 
5.6E.13 
5.9E.13 
6.OE-13 
6.2E-13 
6.3E-13 
6.N-13 
6.5E-13 
6.5E-13 
6.5E-13 
6 .X -13  
6.6E-13 
6.6E-13 
8.6E-13 
8.6E-13 
6.6E-13 
6.6E-13 
6 .X -13  
6.7E-13 
6.7E.13 
6.7E-13 
6.7E.13 
6.8E-13 
6.7E.13 
6.8E-13 
6.8E-13 

2.5 
2.2 
2.2 
2.4 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 
2 .o 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Immersion 
GM ISvlyeoc) GSD 

6.7E-20 
6.7E-20 
6.U-19 
7.EE-18 
2 .X -18  
2.2E-18 
3.9E-18 
6.1618 

(.BE-18 
2.4E-18 
1.4E-18 
1.4E-18 
1 .X -18  
7.8E-19 
1.2E-18 
3.8E-19 
4.7E-19 
3.OE- 19 
2.9E-20 
8.9E-20 
2.OE-19 
2.OE-19 
1.2E-19 
1.5E-19 
1.M-19 
8 .X-20  
1.1E-19 
8.9E.20 
8.9E-20 
1.5E-19 
1.5E-19 
6.6E-20 
7.M-20 
3.4E-20 
1.9E-20 

3 . 6 ~ .  I e 

~ . B E - ~ o  

2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 



Pathway-Spdfk Doser Amsocbted wlth Routlne Ahborne Rdesse of Enriched Urenhan 
Sector 2 
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyearl GSD 

3.1E-11 
3.lE-11 
2.5E-10 
3.6E-09 
1.3E-09 
1 .OE-09 
1 .8E-09 
2.8E-09 
1.6E-09 
8.3E-10 
1.1E-09 
6.5E-10 
6.5E-10 
7.8E- 10 
3.6E- 10 
5.4E-10 
1.7E-10 
2.2E-10 
1.4E-10 
1.3E-11 
4.1E-11 
9 . 1 E - 1 1  
9.3E-11 
5.4E-11 
7.OE-11 
7.OE-11 , 

3.1E-11 
5.2E-11 
4.1E-11 
4.2E-11 
6.7E-11 
6.7E-11 
2.6E-11 
3.6E-11 
1.6E-11 
8.8E-12 
1.8E-1 1 

2.9 
2.9 
2.8 
2.8 
2.9 
2.8 
2.7 
2.9 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 
3.0 
2.9 
2.9 

2.9 
2.9 
2.7 
2.8 
2.7 
2.9 
2.7 
2.9 
2.9 
2.9 
2.9 
2.7 
2.9 
3.1 
2.9 
2.8 
2.8 
3.0 
2.8 

2.8 . 

Soil Ingestion 
GM ISvlyearI GSD 

9.lE-16 
2.OE-15 
9.9E-15 
1.261 3 
1.7E-13 
2.1E-13 
2.8E-13 
3.8E-13 
4.5E-13 
4.8E-13 
5.2E-13 
5.4E-13 
5.7E-13 
6.OE- 13 
6.1E-13 
6.3E-13 
6.4E-13 
6.5E.13 
6.5E-13 
6.5E-13 
6.6E-13 
6.6E-13 
6.7E-13 
6.6E.13 
6.7E-13 
6.7E-13 
6.7E-13 
6.7E.13 
6.8E-13 
6.8E-13 
6.8E-13 
6.8E-13 
6.8E.13 
6.8E-13 
6.8E.13 
6.8E-13 
6.8E.13 

4.5 
4 .0  
3.9 
4.3 
4.0 
4.0 
3.8 
4 . 0  
4 . 0  
3.9 
3.7 
3.9 
3.8 
3.7 
3.7 
3.7 
3.8 
3.9 
3.8 
3.7 
3.6 
3.9 
4.0 
3.7 
3.8 
3.8 
3.6 
3.8 
3.8 
3.6 
3.9 
3.6 
4 .0  
3.7 
3.7 
3.8 
3 .7  

Vegetable Ingestion 
GM ISvlyearI GSD 

1.2E-13 
1.2E-13 
9.6E-13 
1.4E-11 
5.OE-12 
4.2E-12 
7.lE-12 
l.lE.11 
6.5E-12 
3.5E-12 
4.6E-12 
2.8E-12 
2.8E-12 
3.4E-12 
1.7E-12 
2.5E-12 
9.6E-13 
1.2E-12 
8.4E-13 
2.6E-13 
4.OE-13 
6.4E-13 
6.4E-13 
4.8E-13 
5.6E-13 . 
5.4E-13 
3.6E-13 
4.7E-13 
4.2E-13 
4.2E-13 
5.4E-13 
5.5E-13 
3.4E-13 , 

4.OE- 13 
2.M-13 
2.4E-13 
2.9E- 13 

4.0 
3.7 
3.8 
3.6 
3.9 
3.9 
3.8 
3.8 
3.4 
3.6 
3.5 
3.6 
3.6 
3.7 
3.3 
3.6 
3.2 
3.7 
3.2 
3.5 
3.4 
3.4 
3.2 
3.2 
3.1 
3.2 
3.2 
3.4 
3.4 
3.3 
3.2 
3.2 
3.6 
3.1 
3.4 
3.4 
3.6 

NOTES: 
1 )  LO1 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) G M  = Geometric Mean' 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 

UE-2.Xl.S 1 of 2 

Ground Exposure 
GM ISvlvearI GSD 

4.4E.16 
9.9E-16 

5.9E-14 
8.3E-14 

1.4E-13 

4.8E-15 

1 .OE-l3 

1.9E-13 
2.2E-13 
2.3E-13 
2.5E-13 
2.7E-13 
2.8EL13 
2.9E-13 
3.OE.13 
3.1 E.13 
3.1E-13 
3.2513 
3.2E-I3 
3.2E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E- 13 

3.3E-13 
3.3E-13 

3.3E-13 
3.3E.13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 

2.6 
2.3 
2.3 
2.4 
2.3 
2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
1.9 
2.0 
1.9 

Immersion I 
GM (Svlyear) GSD I 

3.3E-20 
3.36-20 
2.7E-19 
3.9E-18 
1.4E-18 
l . lE-18 
1.9E-18 
3.OE-18 
1.7E-18 
8.8E-19 
1.2E-18 
6.9E- 19 
6.9E-19 
8.3E-19 
3.9E-19 
5.8E-19 
1.8E-19 
2.3E- 19 
1.5E-19 
1.4E-20 
4.4E-20 
9.7E-20 
1 . O E - 1 9  
6.8E-20 
7.5E-20 
7.4E-20 
3.3E-20 
5.5E-20 
4.4E-20 
4.4E-20 
7.2E-20 
7.2E-20 
2.8520 
3.9E-20 
1.7E-20 
9.4E-2 1 
1.9E-20 

I 

2.3 1 
2.3 

2.3 I 2.3 1 
2.2 I 
2.3 , 
2.2 1 

I 2.3 
2.3 , 
2.2 I 
2.2 i 
2.2 I 
2.2 , 
2.2 I 
2.2 
2.2 

2.3 1 
2.3 1 
2.3 
2.2 
2.2; 

2.3 i 
2.21 
2.21 

2.2'  

2.31 
2.2; 
2.31 

I 2.3. 
2.3) 
2.2) 
2.31 
2.21 
2.3; 
2.2, 
2.2 

I 



Psthwa~-Speclfk Doses Assocbted with Ro~ l Ina  Akbome Rekase of Endched Utsrdum kontlnuad) 
Sector 2 

' (1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
G M  ISvlyearJ GSD 

1.6E-16 5.2 
3.6E-16 4.7 

2.1E-14 4.9 
3.OE-14 4.2 
3.7E-14 4.5 
4.9E- 14' 4.3 
6.8E-14 4.1 
7.9E-14 4 .0  
8.4E-14 4.4 
9 .25  14 4 .3  
9.6E-14 4.0 
1.OE-13 4.3 
1 . 1 E- 1 3 4.5 
1.1 E-13 4.0 
1.1E-13 4.3 
1.1E-13 4.1 
1.lE-13 4.4 
1.2E-13 4.1 
1.2E-13 4.3 
1.2E-13 4.2 
1.2E-13 4.1 
1.2E-13 4.1 
1.2E-13 3.8 
1.2E-13 4.2 
1.2E-13 4.0 
1.2E-13 4.1 
1.2E-13 4.2 
1.2E-13 3.9 
1.2E-13 4.2 
1.2E-13 3.9 
1.2E-13 4.2 
1.2E-13 4.3 
1.2E-13 4.3 
1.2E-13 4.0 
1.2E-13 4.0 
1.2E-13 4.3 

1.8E-15 4.4 , 

Milk Ingestion 
G M  ISvlyearl GSD 

5.1 E- 14 5.3 
5.6E-14 4.9 
4.2E-13 5.1 
6.OE-12 5.3 
2.6E.12 5.4 . 
2.5E-12 4.7 
3.9E- 12 5.3 
5.9E-12 5.1 
4.2E-12 4.9 
3.OE-12 4.5 
3.6E-12 4.6 
2.9E-12 4.7 
3.OE-12 5.0 
3.2E-12 4.8 
2.5E-12 4.4 
3.OE-12 4.6 
2.2E-12 4.3 
2.3E-12 4.6 
2.1E-12 4.7 
1 .8E-l2 4.3 
1.961 2 4.2 
2.OE-12 4.3 
2.OE-12 4.9 
1.9E-12 4.3 
2.OE-12 4.7 
2.OE-12 . 4.4 
1.9E-12 4.9 
1.9F-12 4.5 
1.9E-12 5.0 

2.0512 4.7 
2.OE-12 4.7 
1.9E-12 4.8 
1.9E-12 4.8 
1.9E-12 4.6 
1.9E-12 4.8 
1.9E-12 4.2 

1.9E-12 4.0 

Beef Ingestion 
G M  (Svlyearl GSD 

1.5E-14 5.2 
1.6E.14 4.7 
1.2E- 13  4.7 
1.7E-12 4.9 
7.5E-13 4.6 
6.8E-13 4.5 
l.lE-12 4.3 
1.7E-12 4.5 
1 .2512 4.3 
8.3E-13 4.5 
1.OE-12 4.2 
8.OE-13 4.1 
8.OE-13 4.2 
8.96-13 4.3 

t 6.9E-13 4.3 
8.1E-13 4.4 
5.9E-13 4.0 
6.2E-13 4.3 
5.7E-13 4.5 
4.7E-13 4.4 
4.9E-13 4 .3  
5.3E-13 4.4 
5.4E-13 4.5 
5.1E-13 4.4 
5 .3613 4.4 
5.3E-13 4.1 
5.OE-13 4.7 
5.1E-13 4.3 
5.1 E-1 3 4.3 
5.1E-13 4.5 
5.3E-13 4.6 
5.3E-13 4.5 
5.OE-13 4.3 
5.1E-13 4.5 
4.9E-13 4.5 
4.8E- 13  4.5 
4.9E-13 4.6 

IOTES: 
.) E-01 is the same'as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 
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Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSQ 

7.9E-15 3.7 
1.7E-14 3.5 
8.6E.14 3.6 
1 .OE.l2 3.5 
1.5E.12 3.6 
1.8E-12 3.4 
2.46-12 3.3 
3.3E-12 3.0 
3.8E-12 3.2 
4.1E-12 3.4 
4.5E-12 3.5 
4.7E.12 3.4 
4.9E-12 3.4 
5.2E-12 3.3 
5.3E-12 3.3 
5.5E-12 3.0 
5.5E.12 3.0 
5.6E.12 3.2 
5.66-12 3.3 
5.6E-12 3.2 
5.7E-12 3.2 
5.7E-12 3.4 
5.7E-12 3.2 
5.7E-12 3.1 
5.86-12 3.1 
5.8E-12 3.2 
5.8E-12 3.2 
5.8E-12 3.4 
5.9E-12 3.2 
5.9E-12 3.2 
5.9E-12 3.2 
5.9E-12 3.3 
5.9E-12 3.2 
5.9E.12 3.1 
5.9E-12 3.3 
5.9E-12 3.1 
5.9E-12 3.1 

Immersion in 
Resuspended Particulates 
G M  ISvlyearJ GSD 

8.4E-24 3.2 
1.9E-23 3.0 
9.2E-23 3.0 
1.1E-21 3.0 
1.6E-2 1 2.9 
1.9E-21 2.8 
2.6E-21 2.8 
3.5E-21 2.6 
4.1 E-2 1 2.5 
4.4E-21 2.7 
4.M-21 2.7 
5.OE-2 1 2.6 
5.3E.21 2.6 
5.5E.21 2.5 
5.7E.21 2.6 
5.8E.21 2.5 
5.9521 2.4 
6.0521 2.6 
6.OE.21 2.6 
6.OE.21 2.5 
6.OE-21 2.5 
6.1E-21 2.6 
6.1 E-21 2 .7 .  
6.1E-21 2.6 
6.1E.21 2.5 
6.2E-21 2.6 
8.2E-21 2.5 
6.2E-21 2.6 
6.2E-21 2.4 
6.2E-21 2.7 
6.3E-21 2.5 
6.X-21 2.6 
6.3E-21 2.6 
6.3E-21 2.5 
6.3E.21 2.6 
6.3E.21 2.5 
6.3E-21 2.4 

Total Dose 
GM ISvlyearl GSD 

3.2E-11 2.9 
3.2E-11 2.9 
2.5E-10 2.8 
3.7E-09 2.8 
1.3E-09 2.8 
1.1 E-09 2.8 
1.9E-09 2.7 
2.9E-09 2.8 
1 .7E-09 2.8 
8.6E.10 2.7 
1.2E-09 2.8 
6.8E-10 2.8 
6.8E-10 2.7 

2.8 8.1E-10 
3.9E-10 2.8 
5.8E-10 2.7 
1.9E-10 ' 2.6 
2.4E-10 2.6 
1.6E-10 2.6 
3.OE-11 2.3 
6.lE-11 2.3 
1.1 E-10 2.4 
1.2E-10 2.4 
7.6E-1 1 2.4 
9.3E.1 
9.351 
5.1E-1 
7.4E-1 
6.3E-1 
6.3E-1 
9.OE-1 
9.2E-1 
4.6E.1 

2.4 
2.5 
2.4 
2.4 
2.4 
2.3 
2.5 
2.6 
2.3 

5 .X-11  2.3 
3.4E-1 I 2.3 
2.6E.11 2.2 
3.6E.11 2.2 



Pathway-Sped& DOMS Aasocbtsd wi th  Routine Airborne Release of Enriched Uranium 
Sector 3 
11953 ~ 1989) 

Immersion Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
G M  (Svlyearl GSD 

3.1E-11 
3.1E-11 
2.5E-10 
3.6E-09 
1.3E-09 
1 .OE-09 
1 .8E-09 
2.9E-09 
1.6E-09 
8.3E-10 
1.1 E-09 
6.5E-10 
6.5E-10 
7.8E-10 
3.6E-10 
5.5E-10 
1.7E-10 
2.2E-10 
1.4E-10 
1.4E-11 
4.2E-11 
9.1E-11 
9 .451  1 
5.5E-11 
7.OE-11 
7.OE-11 
3.1E-11 
5.2E-11 
4.2E-11 
4.2E-11 
6.8E-11 
6.8E-11 
2.6E-11 
3.7E-11 
1.6E-11 
8.86-12 
1.8E-11 

2.7 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
2.9 
2.9 
2.9 
2.9 
2.8 
2.9 
2.7 
2.8 
2.9 
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.9 
2.8 
2.8 

Soil Ingestion 
GM (Svlvear) GSD 

9.2E-16 

1.OE.14 

1.7E-13 
2.1 E-1 3 

3.8E-13 

2.OE-15 

1.2E-13 

2.8E-13 

4.5E-13 
4.8E-13 
5.2E-13 
5.5E-13 

6.OE-13 
5.7E-13 

6.2E-13 
6.4E-13 
6.4E-13 
6.5E-13 
6.6E-13 
6.6E-13 
6.6E-13 
6.7E-13 
6.7E- 13 
6.7E-13 
6.7E-13 
6.8E-13 
6.86-13 
6.8E-13 
6.8E-13 
6.8E-13 
6.9E-13 
6.9E-13 
6.9E-13 
6.9E- 13 
6.9E-13 
6.9E.13 
6.9E-13 

4.3 
4.0 
4.3 
3.9 
4.3 
3.9 
3.8 
4.0 
3.8 
4.0 
3.6 
3.4 
3.8 
3.8 
3.7 
3.7 
3.7 
3.5 
3.9 
3.7 
3.8 
3.7 
3.6 
3.7 
3.6 
3.8 
3.7 
3.8 
3.7 
4.0 
3.7 
3.8 
3.5 
3.7 
3.8 
3.7 
3.8 

Vegeiable Ingestion 
GM (Svlyear) GSD 

1.2E- 13 
1.2E-13 
9 . X - 1 3  
1.4E-11 
5.OE-12 
4.2E-12 
7.2E-12 
1.lE-11 
6.5E-12 
3.5E-12 
4.7E-12 
2.8E-12 
2.9E-12 
3.4E- 12 
1.7E-12 
2.5E-12 
9.7E-13 
1.2E.12 
8.3E-13 
2.6E-13 

6.4E-13 
6.5E-13 
4.8E-13 
5..5E-13 
5.5E- 13 
3.7E-13 
4.7E-13 
4.2E-13 
4.2E-13 
5.5E-13 
5.5E-13 
3 .X -13  
4.OE-13 
2.8E-13 
2.4E-13 
2.9E-13 

4.1E-13 

3.8 
3.9 
3 8  
3.8 
3.8 
3.7 
3.6 
4.0 
4 .O 
3.7 
3.5 
3.5 
3.3 
3.6 
3.5 
3.7 
3.4 
3.5 
3.1 
3.2 
3.3 
3.2 
3.2 
3.3 
3.1 
3.3 
3.1 
3.1 
3.1 
3.4 
3.1 
3.2 
3.2 
3.3 
3.4 
3.4 
3.4 

NOTES: 
1) E-01 i s  the same as the value divided by 10'; E-02 is  the same as the value divided by 10': etc. 
2) G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM (Svlyearl GSD 

4.5E-16 
1 .OE-l5 
4.9E.15 
5.9E.14 
8 . X .  14 
1 .OE-l3 
1.4E-13 
1.9E-13 
2.2E-13 
2.3E-13 
2.6E-13 
2.7E-13 
2.8E-13 
2.9E-13 
3.OE-13 
3.1 E-1  3 
3.1E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3 . 3 ~ - i 3  
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.4E-13 
3.4E. 13 
3.4E.13 
3.4E-13 
3.4E.13 
3.4E-13 

2.6 
2.3 
2.3 
2.4 
2.1 
2.1 
2.0 
2.0 
1.9 
2.0. 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

3.3E-20 
3.3E-20 
2.7E- 19 
3.9E-18 
1.4E-18 
1.1 E-18 
1.9E-18 
3.1E-18 
1.7E-18 
8.9E-19 
1.2E-18 
6.9E-19 
6.9519 
~ E - I S  
3.9E-19 
5.8E-19 
.1.8E-19 
2.3E- 19 
1.5E-19 
1.4E-20 
4.4E-20 
9.7E-20 
1 .OE-19 
6.9E-20 
7.5E-20 
7.5E-20 
3.3E-20 
5.6E-20 
4.4E-20 
4.5E-20 
7.2E-20 
7.2E-20 
2.8E.20 
3.9E.20 
1.7E-20 
9.4E-21 
1.9E-20 

2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
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Pathway. 
Sector 4 
I1953 - 1 

spe 

I989 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

I 1962 
1 1963 i 1964 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

~ 1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyear) GSD 

l . lE-10 2.7 
l . lE-10 2.9 
8.4E- 10 2.8 
1 .2E-08 3.0 
4.3E-09 2.9 
3.5E-09 2.9 
6.1 E-09 2.9 
9.7E-09 2.8 
5.4E-09 2.7 
2.8E-09 2.7 
3.8E-09 2.8 
2.2E-09 2.8 
2.2E-09 2.9 
2.6E-09 2.9 
1 .2E-09 2.9 
1.9E-09 2.8 
5.7E-10 2.9 
7.3E-10 2.9 
4.7E-10 2.8 
4.M-11 2.9 
1.4E-10 2.7 
3.1 E-IO 2.9 
3.2E- 10 2.8 
1.8E-10 3.0 
2.4E-10 3.0 
2.4E-10 2.8 
1.1E-10 2.8 
1.8E-10 2.8 
1.4E-10 2.8 
1.4E-10 ' 2.7 
2.3E-10 2.7 
2.3E-10 2.8 
8.8E-1 1 2.7 . 
1.2E-10 2.9 
5.3E-11 2.9 
3.OE-11 3.0 
6.OE-11 2.8 

nlns  Ahborn R&aw of Enrich 

Soil Ingestion 
GM (Svlyear) GSD 

3.1E-15 
6.9E-15 
3.46-14 ' 

4.1E-13 
5.8E-13 
7.2E-13 
9.5E-13 
1.3E-12 
1.5E-12 
1.6E-12 
1.8E-12 
1.8E-12 
1.9E-12 
2.OE-12 
2.1E-12 
2.1E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.2E-12 
2.3E-12 
2.3E-12 
2.3E.12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 
2.3E-12 

4.5 
4.1 
4.0 
4.3 
3.8 
3.7 
3.7 
4.0 
3.8 
4.0 
4.1 
3.7 
3.8 
3.7 
3.7 
3.6 
3.8 
3.7 
3.6 
3.8 
3.7 
3.7 
3.7 
3.8 
4.0 
3.9 
3.6 
3.7 
3.6 
3.8 
3.8 
3.6 
3.6 
3.7 
3.7 
3.4 
3.7 

Vegetable Ingestion 
GM (Svlyear) GSD 

4.1E-13 
4.1E-13 
3.3E-12 

1.7E-11 
1.4E-11 
2.4E-11 
3.8E-11 
2.2E-I1 
1.2E-11 
1.6E.11 
9.6E-12 
9.6E-12 

I 1.lE-11 
5.9E-12 
8.3E-12 
3.2E-12 
4.OE-12 
2.8E-12 
8.8E-13 
1.4E-12 
2.1E-12 
2.2E-12 
1.6E-12 
1.8E-12 
1.9E-12 
1.2E.12 
1.6E-12 
1.4E-12 
1.4E-12 
1.9E-12 
1 .6E-12 
1.2E-12 
1.3E-12 
9.5E-13 
8.1E.13 
1.OE-12 

4.8E-11 

3.9 
4.0 
3.6 
3.8 
3.9 
3.5 
3.8 
3.8 
3.6 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3.5 
3.2 
3.4 
3.2 
3.2 
3.4 
3.4 
3.3 
3.2 
3.4 
3.3 
3.2 
3.2 
3.3 
3.1 
3.2 
3.2 
3.4 
3.4 
3.2 

Ground Exposure 
GM (Svlyear) GSD 

1.5E-15 2.5 
3.4E-15 2.2 
1.6E-14 2.3 
2.OE-13 2.4 
2.8E-13 2.2 
3.5E-13 2.2 
4.6E-13 2.1 
6.4E-13 2.1 
7.3E-13 2.0 
7.9E-13 2.0 
8.6E-13 2.0 
9.OE-13 2.0 
9.4E.13 1.9 
9.9E-13 2.0 
1.OE-12 1.9 
1.OE-12 2.0 
1.1 E-1 2 2.0 
l . lE-12 2.0 
1.lE-12 1.9 
l . lE-12 1.9 
l . lE-12 2.0 
1.1E-12 I .9 
l . lE-12 1.9 
1.lE-12 2.0 
1.1E-12 1.9 
l . lE-12 2.0 
1.1E-12 1.9 
1.1E.12 1.9 
1.1 E-1 2 2.0 
l . lE-12 2.0 
1.1512 1.9 
1.1 E-1 2 2.0 
l.lE.12 1.9 
1.1E-12 1.9 
1.1E-12 1.9 
1.1E-12 1.9 
1 .1E-l2 1.9 

I 

I 

I 
GM ISvlyearI GSD ~ 

Immersion 

l . lE-19 
1 .lE-19 
9.OE-19 2.2 
1.3E-17 2.3 1 
4.6E-18 2.3 I 
3.7E-18 2.3 I 

1 6.6E-18 2.3 
~ 1.OE-17 

5.8E- 18 
3.OE-18 
4.OE-18 2.3 , 

2.3E-18 2.3 1 
2.8E-18 2.3 i 
1.3E-18 2.3 

6.1 E-1 9 2.3 

2.2 
7.8E-19 
5.OE-19 
4.9E-20 2.2 
1.5E-19 
3.3E-19 2.3 
3.4E-19 2.2 1 

2.5E- 19 2.3 ~ 

2.2 
2.5E-I9 
l . lE -19  
1.9E-19 2.2 
1.5E-19 

2.3E-18 2.3 , 

2.OE-18 2.3 I 

2.OE-19 2.2 I 

1.5E-19 ::: i 

5.6E-20 2.3 j 

2.4E-19 2.2 i 
2.4E-19 2.2 I 
9.4E-20 2.3 ~ 

1.3E-19 2.3 

3.2E-20 2.3 
6.4E-20 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sieverl; 1 Sv = 100rem 
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Pathway-Specifk Dorer Asrodstsd wlth R o u t h  Ahborn Release of Lmiched Uranium Icontlnusdl 
Sector 4 
11953 - 19891 - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyear) GSD 

5.5E-16 
1.2E.15 
6.OE-15 
7.2E-14 
1 .OE-13 
1.3E-13 
1.7E-13 
2.3E-13 
2.7E-13 
2.9E-13 
3.1E-13 
3.3E-13 
3.4E-13 
3.6E-13 
3.7E-13 
3.8E-13 
3.8E-13 
3.9E-13 
3.9E-13 
3.9E-13 
3.9E-13 
4.OE-13 
4 .051 3 
4.OE-13 
4.OE-13 
4.OE-13 
4.OE-13 
4.OE-13 
4.1 E-1 3 
4.OE-13 
4.1E-13 
4.1E-13 
4.1 E-1 3 
4.1E-13 
4.1E-13 
4.1 E-1 3 
4.lE-13 

4.6 
4.7 
4.7 
4.5 
4.0 
4.4 
4.1 
4.0 
4.5 
4 .0  
4.3 
4.1 
4.2 
4.6 
4.1 
4.1 
4.0 
4.1 
4.2 
4.1 
3.9 
4.2 
4.3 
4.1 
4.1 
4.1 
4.1 
4.2 
4.2 
4 .1 ,  
4.3 
4 .0  
4.2 
4.0 
4 . 0  
3.8 
4.1 

Milk Ingestion 
GM ISvlyear) GSD 

1.7E-13 
1.9E.13 
1.4E-12 
2.OE-11 
9.1 E.12 
8.4E-12 
1.4E-11 
2.OE-11 
1.4E-11 
1.OE-11 
1.2E-11 
9.8E.12 
1 OE-11 
1.1E-11 
8.6E.12 
1 .OE- 1 1 
7.5E-12 
7.8E.12 
7.2E-12 
6.1E-12 
6.4E-12 
6.8E-12 
6.9E.12 
6.6E-12 
6.8E-12 
6.7E.12 
6.4E-12 
6.6E-12 
6.6E.12 
6.6€.'12 
6.8E-12 
6.9E-12 
6.4E-12 
6 6E-12 
6.4E-12 
6.3E-12 
6.4E-12 

5.3 
5.2 
5.1 
5 .3  
4.7 
5.2 
5.3 
4.9 
4.4 
4.4 
4.7 
4.4 
4.2 
4.5 
4.6 
4.5 
4.5 
4.8 
4.4 
4.5 
4.7 
4.7 
4.5 
4.4 
4.6 
4.7 
4.4 
4.5 
4.8 
4.5 
5.0 
4.5 
4.7 
4.6 
4.5 
4.5 
4.5 

Beef Ingestion 
GM ISvlyear) GSD 

4.9E.14 
5.5E- 14 
4.OE.13 
5.7E-12 
2.5E-12 
2.4E.12 
3.7E-12 
5.7E-12 
4.OE.12 
2.8E.12 
3.3E-12 
2.7E-12 
2.8E-12 
3.1E-12 
2.3E-12 
2.7E-12 
2.OE.12 
2.1E.12 
1.9E.12 
1.6E-12 
1.7E-12 
1.8E-12 
1.8E.12 
1.7E-12 
1.8E-12 
L 8 E -  12 
1.7E-12 
1.7E-12 
1.7E-12 
1.7E-12 
1.8E-12 
1.8E-12 
1.7E.12 
1.7E.12 
1.7E-12 
1.6E-12 
1.7E-12 

5.0 
4.7 
5.0 
4.9 
4.6 
4.3 
4.6 
4.5 
4.1 
4.1 
4.3 
4.0 
4.0 
4.2 
4.0 
4.2 
3.9 
4.1 
4.0 
4.8 
4.0 
4.4 
4.5 
4.4 
4.3 
4.1 
4.3 
4.4 
4.5 
4.2 
4.3 
4.4 
4.5 
3.9 
4.2 
4.4 
4.7 

NOTES: 
1) E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 

UE-4.XLS 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

2.7E- 14 
6.OE-14 
2.9E.13 
3.5E.12 
5.OE-12 
6.2E.12 
8.2E-12 
l . l E . l  
1.3E.1 
1.4E.1 
1.5E-1 
1.6E.1 
1.7E-1 
1.8E.l 
1 .8E-l 
1.9E.1 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E.11 
1.9E.11 
1.9E-11 
1.9E-11 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE.11 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE.11 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE- 1 1 

3.9 
3.4 
3.5 
3.6 
3.5 
3.3 
3.3 
3.2 
3.4 
3.2 
3.2 
3.2 
3.1 
3.1 
3.4 
3.1 
3.2 
3.3 
3 .O 
3.3 
3.2 
3.3 
3.1 
3.2 
3.1 
3.3 
3.0 
3.1 
3.2 
3.0 
3.2 
3.2 
3.0 
3.0 
3.3 
3.2 
3.1 ' 

Immersion in 
Resuspended Particulates 
GM ISvlyear) GSD 

2.8E.23 
6.4E-23 
3.1 E-22 
3.8E-21 
5.3E-21 
6.6E-21 
8.7E-21 
1.2E-20 
1.4E-20 
1.5E-20 
1.6E-20 
1.7E-20 
1.8E-20 
1.9E-20 
1.9E-20 
2 .OE. 20 
2.OE-20 
2.OE.20 
2.OE-20 
2.OE-20 
2.OE-20 
2.1E-20 
2.1 E-20 
2.1 E.20 
2.1 E-20 
2.1E-20 
2.1 E-20 
2.1 E-20 
2.1E-20 
2.1 E-20 
2.1E-20 
2.1 E.20 
2.1 E.20 
2.1E-20 
2.1E-20 
2.1E.20 
2.1 E.20 

3.2 
3.0 
2.8 
2.9 
2.9 
2.7 
2.7 
2.7 
2.6 
2.5 
2.5 
2.6 
2.0 
2.5 
2.7 
2.5 
2.7 
2.6 
2.5 
2.7 
2.5 
2.7 
2.6 
2.4 
2.5 
2.6 
2.4 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.4 
2.6 
2.5 
2.5 

Total Dose 
GM (Svlyearl GSD 

l . lE-10  
l . lE .10  
8.6E-10 
1.3E-08 
4.4E.09 
3.6E-09 
6.3E.09 
9.9E-09 
5.6E-09 
2.9E-09 
3.SE-09 
2.3E.09 
2.3E-09 
2.8E-09 
1.3E-09 
2.OE-09 
6.6E-10 
8.3E.10 
5.5E-10 
l . l E - 1 0  
2.1 E-10 
3.8E-10 
4.OE-10 
2.6E- 10 
3.2E-10 
3.2E-10 
1.7E-10 
2.5E-10 
2.1E-10 
2.1E-10 
3.1E-10 
3.1E.10 
1.5E-10 
1.9E.10 
1.2E-10 
8.8E-11 
1.2E-10 

2.6 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.7 
2.8 
2.6 
2.6 
2.2 
2.3 
2.6 
2.4 
2.5 
2.5 
2.4 
2.3 
2.4 
2.3 
2.3 
2.4 
2.4 
2.2 
2.4 
2.3 
2.2 
2.2 
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: Pathwq-Spdfk  Doses Associated with Routlm Alrbom Rdeasa of Enrlched Uranium 

Sector 5 
I1953 - 19891 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1906 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyear) GSD 

3.1E-11 2.9 
3.1E-11 3 .0  
2.5E-10 2.9 
3.6E-09 2.8 
1.3E-09 2.9 
1 .OE-09 2.9 
1 .8E-09 i2.9 
2.9E-09 2.7 
1.6E-09 2.9 
8.3E-10 2.7 
l . lE-09 2.9 
6.5E-10 2.7 
6.5E-10 2.8 
7.8E-10 2.8 
3.6E-10 2.7 
5.4E- 10 2.8 
1.7E-10 2.9 
2.2E-10 2.9 
1.4E-10 3.0 
1.3E-11 2.8 
4.2E-11 2.8 
9.OE-11 2.9 
9.3E-11 2.8 
5.4E-11 2.9 
7.OE- 1 1 2.9 
7.OE-11 2.8 
3.1E-1 1 2.9 
5.2E-11 , 2.8 
4.2E-11 2.8 
4.1E-11 3.0 
6.7E-11 2.8 
6.8E-11 2.9 
2.6E-11 2.8 
3.6E-11 2.8 
1.6E-11 2.9 
8.8E-12 2.9 
1 .8E- 1 1 2.8 

Soil Ingestion 
GM (Svlyear) GSD 

9.1E.16 4.6 
2.OE-15 4.1 
9.9E-15 4.3 
1.2E-13 4.2 
1.7E-13 4.2 
2.1 E- 1 3 3.9 
2.8E-13 3.9 
3.8E-13 3.7 
4.4E-13 3.7 
4.8E-13 3.5 
5.2E-13 4.0 
5.4E-13 4.2 
5.7E-13 3.6 
6.OE-13 3.8 
6.1E-13 3.6 
6.36.13 3.8 
6.4E-13 3.9 
6.5E-13 3.9 
6.5E-13 3.9 
6.5E-13 3.7 

6.6E-13 3.8 
6.6E-13 4.0 
6.7E-13 3.9 
6.7E-13 3.8 
6.7E- 13 4.0 
6.7E-13 3.7 
6.8E-13 3.9 
6.8E-13 3.7 
6.8E-13 3.8 
6.8E-13 3.8 
6.8E-13 3.7 
6.8E-13 3.6 
6.9E-13 3.8 
6.9E-13 3.9 
6.9E-13 3.9 

6.6E-13 3.8 

6.9E-13 3.5 

Vegetable Ingestion 
GM (Svlyear) GSD 

1 .2E-13 4.0 
1.2E-13 3.7 
9.6E- 13 3.6 
1.4E-11 3.8 
5.OE-12 3.4 
4.1 E-1 2 3.6 
7.1E-12 3.5 
1.lE-11 3.9 
6.5E- 12 3.8 
3.5E.12 3.8 
4.6E-12 3.6 
2.8E-12 3.4 
2.8E- 12 3.4 
3.4E-12 3.6. 
1.7E-12 3.7 
2.5E- 12 3.5 
9.7E-13 3.2 
1.2E-12 3.4 
8.5E-13 3.1 
2.7E-13 3.2 
4.1 E-1 3 3.4 
6.5E-13 3.4 
6.5E-13 3.3 
4.8E-13 3.2 
5.4E-13 3.2 
5.5E-13 3.2 
3.6E-13 3.4 
4.7E-13 3.3 
4.2E-13 3.3 
4.2E-13 3.2 
5.4E-13 3.2 
5.4E-13 3.1 

~ 3.3E-13 3.3 
3.9E-13 3.3 
2.8E-13 3.5 

1 2.4E-13 3.5 
2.9E-13 3.5 

Ground Exposure 
GM (Sv/year) GSD 

4.4E-16 2.6 
9.9E-16 2.3 
4.86-15 2.3 
5.9E-14 2.5 
8.3E-14 2.2 
1 .OE-l3 2.1 
1.4E-13 2.1 
1.9E.13 2.0 
2.2E-13 2.0 
2.3E-13 1.9 
2.5E-13 2.0 
2.7E-13 2.0 
2.BE-13 1.9 
2.9E-13 1.9 
3.OE-13 1.9 
3.1 E.13 1.9 
3:lE-13 1.9 
3.2E-13 1.9 
3.2E-13 1.9 
3.2E-13 1.9 
3.2E-13 1.9 
3.2E-13 1.9 
3.2E-13 1.9 
3.2E- 13 1.9 
3.3E-13 1.9 
3.3E.13 1.9 
3.3E-13 1.9 
3.3E-13 1.9 
3.3E.13 1.9 
3.3E.13 1.9 
3.36.13 1.9 
3.3E-13 1.9 
3.3E-13 1.9 
3.3E-13 1.9 ' 
3.3E-13 1.9 
3.4E-13 1.9 
3.4E-13 1.9 

Immersion 
GM (Svlyear) GSD 

3.3E.20 2.4 
3.3E-20 2.2 
2.6E-19 2.2 
3.9E-18 2.3 
1.4E-18 2.3 
1.1E-18 2.3 
1.9E-18 2.3 
3.OE-18 2.2 
1.7E-18 2.2 
8.8E-19 2.2 
1.2E-18 2.3 
6.9E-19 2.2 
6.9E-19 2.2 
8.3E-19 2.3 
3.9E-19 2.2 
5.8E-19 2.2 
1.8E-19 2.3 
2.3E-19 2.2 
1.5E-19 2.3 
1.4E-20 2.2 
4.4E-20 2.3 
9.6E-20 2.3 
1.OE-19 2.2 
6.8E-20 2.3 
7.5E-20 2.3 
7.5E-20 2.2 
3.3E-20 2.2 

. 5.5E-20 2.3 
4.4E-20 2.2 
4.4E-20 2 .2  
7.2E-20 2.2 
7.2E-20 2.2 
2.8E-20 2.2 
3.9E-20 2.2 
1.7E-20 2 .2  
9.4E.21 2 .2  
1.9E.20 2.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100rem 
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Pathway-Spedfk Doses Auodsted with Routine Ahbome Rdease of Enriched Uranium lconllnwdl 
Sector 5 
( 1953 . 19891 

I I Inhalation 01 Immersion in 
Year Wheat Ingestion Milk Ingestion Bee1 Ingestion Resuspended Particulates Resuspended Particulates Total Dose I 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1919 
1980 
1981 
1982 
1983 
1984 

I 1985 
1986 
1987 
1988 
1989 

1.6E- 1 6 4.7 
3.6E-16 4.4 
1 .8E-l5 4.4 
2.1E-14 4.3 
3.06 14 4.5 
3.7E-14 4.2 
4.9E-14 4.3 
6.8E- 14 4.4 
7.9E-14 ' 3.9 
8.4E-14 4.1 
9.2E-14 4.0 
9.6E-14 4.2 

l.lE-13 4.2 
1.1E-13 4.2 
1.1E-13 4.1 
1.1613 4.0 
1 . 1 6 1  3 4 .2  
1.2E-13 4.1 
1.2E-13 3.9 
1.2E-13 4.2 
1.2E-13 4.3 
1.2E-13 4.1 
1.2€-13 4.1 
1.2E-13 4.0 
1.2E.13 3.9 
1.2E-13 4.3 
1.2E-13 4.3 
1.2E-13 4.1 
1.2E-13 4.4 
1.2E-13 4.2 
1.2E-13 3.9 
1.2E-13 4.1 
1.2E-13 3.9 
1.2E-13 4.3 
1.2E-13 4.1 
1.2E-13 4.1 

1.OE-13 . 4.0 

5.1E-14 
5.6E.14 
4.2E-13 
6.OE-12 
2.7E-12 
2.4E-12 
3.9E-12 
5.9E-12 
4.2E-12 
3.OE- 12 
3.6E.12 
2.9E-12 
2.9E-12 
3.3E-12 
2.5E-12 
3.OE-12 
2.2E-12 
2.3E-12 
2.151 2 
1.8E-12 
1.9E-12 
2.OE-12 
2.OE.12 
1.9E-12 

2.OE-12 
1.9E-12 
2.OE-12 
1.9E-12 
1.9E-12 
2.OE.12 
2.OE-12 
1.9E-12 
2.OE.12 
1.9E-12 
1.9E-12 
1.9E-12 

2.OE-12 , 

5.4 
5.5 
5.0 
4.9 
4.9 
4.8 
4.6 
5.3 
4.6 
5.0 
4.6 
4.5 
4.2 
4.6 
4.2 
4.2 
4.4 
4.6 
4.6 
4.9 
4.8 
4.5 
4.8 
4.5 
4.3 
4.6 
5.1 
4.6 
4.9 
4.4 
4.5 
4.5 
4.7 
4.4 
4.9 
4.8 
4.6 

1.4E-14 

1.2E- 13 
1.7E-12 

1.6E.14 

7.5E-13 
6.9E- 13 
1.1E-12 
1.7E-12 
1.2E-12 
8.3E.13 - 
1 .OE-12 
?.BE-13 
8.OE- 13 
9.OE.13 
6.8E-13 
8.1E-13 

6.1E-13 

4.7E- 13 
4.9E-13 

5.4E-13 

5.8E-13 

5.6E.13 

5.3E.13 

5.1E-13 
5.2E-13 
5.3E-13 
5.OE-13 
5.1E-13 
5.1 E - 1  3 
5.1E.13 
5.4E-13 
5.3E-13 
5.OE-13 
5.1 E-13 
4.9E-13 
4.8E-13 
4.9E-13 

5.1 
4.3 
5.0 
4.9 
4.7 
4.7 
4.3 
4.6 
4.4 
4.5 
4.0 
4.2 
4.3 
4.1 
4.2 
4.1 
4.2 
4 .2  
4.3 
4.3 
4.4 
4.1 
4.2 
4.2 
4.2 
4 . 3 .  
3.9 
4.3 
4.3 
4.3 
4.1 
4.4 
4.0 
4.3 
4.7 
4.4 
4.4 

7.9E.15 
1.8E-14 
8.6E-14 
1.OE-12 
1.5E-12 
1.8E-12 
2.4E-12 
3.3E-12 
3.8E-12 
4.1E-12 
4.5E-12 
4.7E- 12 
4.9E.12 
5.2E-12 
5.3E-12 
5.5E.12 
5.5E.12 
5.6E-12 
5.7E-12 
5.7E-12 
5.7E.12 
5.7E-12 
5.7E.12 
5.8E-12 
5.8E-12 
5.8E-12 
5.8E-12 
5.8E-12 
5.9E-12 
5.9E.12 1 5.9E-12 

1 5.9E-12 
5.9E-12 
6.OE.12 
5.9E-12 
5.9E-12 
5.9E-12 

3.7 
3.3 
3.6 
3.6 
3.2 
3.3 
3.4 
3.4 
3.2 
3.0 
3.0 
3.2 
3.2 
3.2 
3 .O 
3.3 
3.2 
3.1 
3.0 
3.4 
3.0 
3.2 
3.0 
3.1 
3.2 
3.3 
3.0 
3.1 
3.3 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.0 
3.1 

8.4E-24 
1.9E-23 
9.1 E-23 
1.1E-21 
1.6E-2 1 
1.9E-21 
2.M-21 
3.5E-21 
4.1E-21 
4.46.21 
4.8E.21 
5.OE-21 
6.3E-21 
5.5E-21 
5.6E-21 
5.9E-21 
6.9E-21 
6.OE-21 
6.OE-21 
6.OE-21 
6.1E-21 
6.1E-21 ' 
6.1E-21 
6.2E-21 
6.2E-21 
6.2E-21 
6.2E-21 
6.2E-21 
6.3E-21 
6.3E.21 
6.3E-21 
6.3E-21 
6.3E-21 
6.4E-21 
6.3E-21 
6.3E.21 
6.3E-21 

3.2 
2.7 
2.9 
3,O 
2.8 
2.7 
2.7 
2.8 
2.6 
2.5 
2.5 
2.5 
2.6 
2.7 
2.6 
2.8 
2.6 
2.5 
2.5 
2.7 
2.4 
2.4 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.6 
2.5 
2.5 
2.5 

3.2E-11 
3.2E-11 
2.5E-10 
3. 7E-09 
1.3E.09 
1.1E-09 
1.8E-09 
2.9E-09 
1.6E-09 
8.6E-10 
1.2E-09 
6.8E-10 
6.8E.10 
8.1 E. 10 
3.9E.10 
5.7E.10 
1.9E.10 
2.4E-10 
1.6E-10 
3.1E.11 
6.2E-11 
l.lE-10 
1.2L.10 
?.?E-1 1 
9.3E-11 

1 9.3E.11 
5.1E-11 
7.4E.11 
6.3E-11 
6.3E-11 
9.OE-11 
9.1E.11 
4.6E.11 
5.7E.11 
3.4E.1 1 
2.6E.11 
3.7E-11 

2.9 
3.0 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
2.9 
2.7 
2.8 
2.6 
2.7 
2.8 
2.6 
2.7 
2.7 
2.7 
2.7 
2.2 
2.3 
2.6 
2.5 
2.4 
2.4 
2.4 
2.4 
2.3 
2.3 
2.4 
2.5 
2.4 
2.2 
2.3 
2.3 
2.2 
2.2 

21 GM = Geometric Mean 
3) GSD = Geometric.Slandard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Pathwey-Spedfk Doses Associated with Routine Airborne Release of Enriched Uranium 
Sector 6 
(1 953 ~ 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1982 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

1.4E-11 
1.4E-11 
l.lE-10 
1.7E-09 
5 .BE- 10 
4.7E-10 
8.2E-10 
1.3E-09 
7.3E-10 
3.8E-10 
5.1E-10 
3.OE-10 
3.OE-10 
3.5E-10 
1.7E-10 
2.5E-10 
7.7E-11 
9.8E-11 
6.2E-11 
6.151 2 
1.9E-11 
4.1E-11 
4.3E-11 
2.5E-11 
3.2E-11 
3.2E-11 
1.4E-1 1 
2.4E-11 
1.9E-11 
1.9E-11 
3.1E-11 
3.1E-11 
1.2E-11 
1.7E-11 
7.1E-12 
4.OE-12 
8.OE-12 

2 9  
2.9 
2.7 
2.9 
2.7 
2.8 
2.9 
2.9 
2.8 
3.0 
2.9 
2.9 
2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
2.8 
2.8 
3.0 
2.8 
2.8 
3.0 
2.8 
2.8 
2.8 
2.9 
2.8 
2.9 
2.9 
2.7 
2.8 
2.9 
2.9 
2.8 
2.9 

Soil Ingestion 
GM (Sv/yearl GSD 

4.1E-16 
9.3E-16 
4.56.15 
5.5E-14 
7.7E- 14 
9.6E- 14 
1.3E-13 
1.7E-13 
2.OE-13 
2.2E-13 
2.4E-13 
2.5E-13 

-2.6E-13 
2.7E-13 
2.8E-13 
2,9E- 13 
2.9E-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.1 E-1  3 
3.1E-13 
3.1E-13 
3.1E-13 
3.1E-13 
3.151 3 
3.1E-13 
3.1E-13 
3.1E-13 
3.1E-13 
3.1E-13 

4.3 
4.0 
4.1 
4.1 
4.1 
3.8 
3.8 
4.1 
3.8 
3.8 
3.9 
3.9 
3.9 
3.6 
3.8 
3.8 
4.0 
3.6 
3.6 
3.8 
3.6 
3.9 
3.7 
3.8 
3.6 
3.7 
3.9 
3.6 
3.8 
3.9 

3.6 
3.8 
3.7 
3.8 
3.6 
3.5 

3'. 8 

Vegetable Ingestion 
GM ISvlvearl GSD 

5.5E-14 
5.5E- 14 
4 4E.13 
6.4E-12 
2.3E-12 
1.9E-12 
3.3E-12 
5.lE-12 
2.9E-12 
1.6E- 12 
2.1 E-1 2 
1.3E-12 
1.3E-12 
1.5E-12 
8.OE- 1 3  
l.lE-12 
4.3E-13 
5.3E-13 
3.8E-13 
1.2E-13 

2.9E-13 
2.9E-13 
2.2E- 13 

1.9E-13 

2.5E-13 
2.5E-13 
1.7E-13 
2.1E-13 
1.9513 
1.9E-13 
2.5E-13 
2.4E-13 
1.5E-13 
1.8E-13 
1.3E-13 
l.lE-13 
1.3E-13 

3.8 
3.8 
3.7 
3.7 
4.0 
3.5 
3.8 
4.0 
3.6 
3.5 
3.7 
3.5 
3.6 
3.4 
3.4 
3.3 
3.3 
3.2 
3.3 
3.7 
3.2 
3.3 
3.4 
3.1 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.3 
3.2 
3.3 
3.7 
3.5 
3.5 

Ground Exposure 
GM (Svlyearl GSD 

2.OE. 16 
4.5E-16 
2.2E-15 
2.76-14 
3.8E-14 
4.7E-14 
6.2E-14 
8.5E-14 

l.lE-13 
9.9E-14 

1.2E-13 
1.2E-13 
1.3E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E.13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 

1.5E-13 
1.5E-13 

1.5E-13 
1.5E-13 
1.5E.13 
1.5E-13 
1.5E-13 
1.5E-13 

2.4 
2.2 
2.3 
2.4 
2.2 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
1.9 
2 .o 
2.0 
2.0 
1.9 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
2.0 

Immersion 
GM (Svlyearl GSD 

1.5E-20 
1.5E-20 
1.2E-19 
1.8E-18 
6.2E-19 
5.OE-19 
8.8E-19 
1.4E-18 
7.8E-19 
4.OE-19 
5.4E-19 
3.1E-19 
3.2E-19 
3.8E-19 
1.8E-19 
2.6E- 1 9 
8.2E-20 
1 .OE-l9 
8.7E-20 
8.5E-21 
2.OE-20 
4.4E-20 
4.5E-20 
2.6E-20 
3.4E-20 
3.4E-20 
1.5E-20 
2.5E-20 
2.OE-20 
2.OE-20 
3.3E-20 
3.3E-20 
1.3620 
1.8E-20 
7.5E-21 
4.3E-21 
8.6E-21 

2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Pathwm-Specifk Do- Asa&td wlth Routine Abbome Release of Enrlched Uranium Icontlnusd) 
Sectw 7 
I1  953 ~ 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheal Ingestion 
GM ISvlvear) GSD 

7.1E-17 5.0 
1.6E-16 4.6 
7.8E.16 4.8 
9.4E-15 4.7 
1.3E-14 4.8 
1.7E-14 4.0 
2.2E-14 4.3 
3.OE.14 4.1 
3.5E-14 4.1 
3.7E-14 4.1 
4.OE-14 3.9 
4 . X - 1 4  4.1 
4.5E-14 4.1 
4.7E- 14 4.3 
4.8E-14 4.2 
5.OE-14 4.0 
5.OE.14 4.1 
5.1E-14 4.0 
5.2E- 14 3.9 
5.2E-14 3.9 
5.1E-14 4.0 
5.2E-14 4.1 
5.2E-14 4.3 
5.2E.14 3.9 
5.2E-14 4.1 
5.3E-14 4.3 
5.3E-14 4.0 
5.3E-14 4 .0  
5.3E-14 4.1 
5.3E-14 4.2 
5.3E-14 4.0 
5.4E-14 4.0 
5.4E-14 3.9 
5.4E-14 4.3 
5.4E-14 4.1 
5.4E-14 4.3 
5.4E-14 4.4 

Milk Ingestion 
GM ISvlyear) GSD 

2.3E- 14 
2.5E-14 
1.9E.13 
2.6E-12 
1 .2512 
1.1E.12 
1 . X - 1 2 ,  
2.6E- 12 
1.9E-12 
1.3E-12 
1.6E-12' 
1.3E-12 I 
1 X . 1 2  
1.4E.12 
1,lE-12 
1.3E-12 I 

9.6E-13 
l.OE.12 
9.4E-13 
7.9E-13 
8.3E-13 
8.9E-13 
9.OE.13 
8.7E-13 
8.9E-13 
8.8E-13 
8.4E-13 
8.7t-13 
8.5E-13 
8.6E-13 
9.OE- 13 
9.OE.13 
8.4E-13 
8.6E-13 
8.3E-13 
8.3E-13 
8.4E-13 

5.5 
5.3 
5.0 
5.7 
4.8 
4 .9  
4.8 
5.0 
5.0 
4.4 
4 .6  
4.4 
4.3 
4.4 
4.3 
4.6 
4.3 
4.7 
4.2 
4.6 
4.9 
4.1 
4.7 
4.6 
4.8 
4.4 
4.7 
4 .6  
4.8 
4.7 
4.5 
4 .4  
4.7 
4.7 
4.5 
4.6 
4.7 

Beel Ingestion 
GM ISvlvearl GSD 

~~~~~ 

6.56-15 5.2 
7.OE-15 4.7 
5.3E.14 4.7 
7.56-13 4.7 
3.3E-13 4.5 
3.OE-13 4.5 
4.9E-13 4.3 
7.3E-13 4.6 
5.2E-13 4.3 
3.66-13 4.2 
4.4E-13 3.8 
3.5E-13 4.2 
3.7E-13 4.4 
4.OE-13 3.9 
3.OE-13 4.1 
3.5E-13 4 . 0  
2.6E-13 4.2 
2.8E-13 4.2 
2.551 3 4.2 
2.lE-13 4.4 
2.2E.13 4.3 
2.4E-13 4.3 
2.4€,13 4.1 
2.3E.13 4.4 
2.4E-13 4.1 
2.3E.13 4.4 
2.2E-13 4.3 

4.6 2.3E- 13 
4.4 2.2E-13 

2.3E-13 4.2 
4.3 2.4E-13 

2.4E-13 4.3 
2.2E-13 4.2 
2.3E-13 4.3 
2.2E-13 4.5 
2.2E-13 4 .6  
2.2E-13 4.5 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geornelric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Inhalation of 
Resuspended Particulates 
GM (Svlvearl GSD 

3.5E- 15 3.8 
7.9E-15 3.6 
3.8E.14 3.4 
4.6E-13 3.5 
6.5E.13 3.3 
8.1E-13 3.3 
1.lE-12 3.2 
1.5E-12 3.3 
1.7E-12 3.0 
1.M-12 3.1 
2.OE-12 3.3 
2.1E-12 3.2 
2.2E-12 3.3 
2.3E-12 3.2 
2.3E-12 3.1 
2.4E-12 3.1 
2.5E-12 3.1 
2.5E-12 3.2 
2.5E-12 3.2 
2.5E.12 3.2 
2.5E-12 3.3 
2.5E-12 3.1 
2.5E-12 3.3 
2.5E-12 3.1 
2.6E-12 3.1 
2.6E-12 3.0 
2.6E-12 3.2 
2.6E-12 3.1 
2.6E-12 3.0 
2.6E-12 3.2 
2.6E-12 3.1 
2.6E-12 3.0 
2.6E-12 3.1 
2.6E-12 3.1 
2.6E-12 3.1 
2.6E.12 3.1 
2.6E-12 3 .O 

Immersion in 
Resuspended Particulates 
GM ISvlyear) GSD 

3.7E-24 3.2 
8.4E-24 2.9 
4.1E-23 2.9 
4.9E- 2 2 2.9 
7.0E-22 2.9 
8 . X - 2 2  2.7 
1.1E-21 2.6 
1.6E-21 2.7 
1.8E-21 2.5 
1 .952 1 2.6 
2.1 E-21 2.6 
2.2521 2.5 
2.3E-21 2.5 
2.4E.21 2.5 
2.5E-21 2.6 
2.6E-21 2.5 
2.6E-21 2.5 
2.7E-2 1 2.5 
2.7E-21 2.5 
2.7E-21 2.6 
2.7L-21 2.6 
2.7E-21 2.4 
2.7E-21 2.5 
2.7E-21 2.5 
2.7E-21 2.5 
2.7E-21 2.5 
2.8E-21 2.6 
2.8E-21 2.5 
2.8E-21 2.5 
2.8E.21 2.5 
2.8E-21 2.6 
2.8E-21 2.6 
2.8E-21 2.6 
2.8E-21 2.5 
2.8E-21 2.5 
2.8E.21 2.5 
2.8E-21 2.5 

Total Dose 
GM (Svlyear) GSD 

1.4E-11 2.9 
1.4E-11 2.9 
1.1 E-10  2.8 
1.6E-09 2.9 
5.8E. 10 2.8 
4 .7E40 2.8 
8 . X .  10 2.9 
1.3E-09 3 .O 
7.3E-10 2.8 
3.8E-10 . 2.6 
5.1E-10 2.7 
3.OE-10 2.8 
3.OE-10 2.7 
3.6E- 10  2.9 
1.7E-10 2.6 
2.6E-10 2.8 
8.6E-11 2.7 
1.1E-10 2.7 
7.2E-11 2.8 
1.4E-11 2.2 
2.8E-11 2.5 
6.OE-11 2.4 
5.2E-11 2.5 
3.4E.11 2.4 
4.lE-11 2.5 , 

4.1E-11 2.5 
2.3E-11 2.4 
3.3E-11 2.4 
2 .M-11 2.4 
2.8E-11 2.4 
4.lE-11 2.4 
4.OE-11 2.4 
2.1E-11 2.1 
2.5E.11 2.4 
1.5E-11 2.2 
1.2E.11 2.2 
1.6E-11 2.2 



Psrhway-Spodfk W Amodated whh Roullne Airborne Robare of Enrkhed Ursdum 
Sector 8 
(1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

4.7E-11 
4.7L11 
3.7E-10 
5.4E-09 
1.9E-09 
1.5E-09 
2. ?E-09 
4.3E-09 
2.4E-09 
1.2E-09 
1 .7E-09 
9.7E- 10  
9.7E-10 
1.2E-09 
5.4E-10 
8.1E-10 
2.5E-10 
3.2E-10 
2.1E.10 
2.OE-11 
6.2E-11 
1.4E-10. 
1.4E-10 
8.1E-11 
1 .OE- 10 
1.OE.10 
4.6E-11 
?.BE-1 1 
6.2E-11 
6.2E-11 
1.OE-10 
1.OE-10 
3.9E-11 
5.4E.11 
2.3E-11 
1.3E.11 
2.6E-11 

2.8 
2.9 
2.8 
2.9 
3.0 
2.8 
3.0 
2.9 
2.9 
3.1 
2.8 
2.9 
2.8 
2.8 
2.9 
2.7 
2.8 
2.9 
2.8 
2.9 
2.7 
2.9 
3.0. 
2.9 
3.0 
2.9 
2.8 
2.7 
2.7 
2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
3.0 

Soil Ingestion 
GM ISvlvearl GSD 

1.4E-15 
3.OE- 15 
1.5E-14 
1.8E-13 
2.5E-13 
3.1E-13 
4.2E-13 
5.7E.13 
6.6E-13 
7.1E-13 
?.?E-13 
8.1E-13 
8.5E-13 
8.9E-13 
9.2E-13 
9.5E-13 
9.6E-13 
9.7E-13 

9.8E-13 
9.8E-13 
9.8E-13 
9.9E-13 
9.9E-13 
1.OE-12 
1.OE-12 
1.OE-12 
1.OE-12 
1.OE-12 
1 .OE-l2 
1.OE-12 
1 .OE-12 
1.OE-12 
1 .OE- 1 2 
1.OE-12 
1.OE-12 
1.OE-12 

9.8E-13 

3.9 
3.8 
4.1 
4.4 
4.1 
3.8 
4.0 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.7 
3.9 
3.7 
3.9 
3.8 
3.9 
3.8 
3.6 
3.8 
3.9 
3.6 
3.9 
3.8 
3.9 
3.7 
3.8 
3.9 
3.8 
3.9 
3.7 
3.7 
3.9 
3.7 

Vegetable Ingestion 
GM 1Svlyear) GSD 

1.8E-13 
1.8E-13 
1.4E-12 
2.1E-11 
7.5E-12 
6.2E-12 
l.lE.11 
(.?E-11 
9.7E-12 
5.2E-12 
7.OE-12 
4.2E- 12 
4.3E-12 
5.OE-12 
2.6E-12 
%?E-1 2 
1.4E-12 
1.7E-12 
1.2E-12 
3.9E-13 
6 .161  3 
9.3E-13 

7.OE-13 

8.1 E-1 3 

9 .X-13  

8.2E-13 

5.4E-13 
7.2E-13 
6.2E- 13 
6.1 E-1 3 
8.3E-13 
8.1E-13 
5.OE-13 
5.8E-13 
4.3E-13 
3.6E-13 
4.36-13 

3.8 
4.1 
3.7 
3.9 
3.7 
3.7 
3.8 
3.7 
3.8 
3.5 
3.8 
3.8 
3.5 
3.5 
3.6 
3.3 
3.1 
3.5 
3.2 
3.5 
3.2 
3.5 
3.3 
3.4 
3.4 
3.2 
3.3 ' 
3.3 
3.3 
3.1 
3.4 
3.1 
3.5 
3.5 
3.3 
3.4 
3.3 

NOTES: 
1) E-01 is the same as tho value divided by 10'; E-02 is the same as the value divided by 10'; etc 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM (SvlyearJ GSD 

6.6E-16 
1.5E.15 
7.2E- 15 
8.8E.14 
1.2E-13 
1.5E-13 
2.OE-13 
2.8E-13 
3.2E-13 
3.5E-13 
3.8E-13 
4.OE-13 
4.1E-13 
4.4E- 13  
4.5E-13 

4.7E-13 
4.7E- 13  
4.8E-13 
4.8E-13 
4.8E-13 
4.8E-13 
4.8E-13 
4.8E-13 
4.9E- 13  
4.9E-13 
4 .95  13  

4.9E-13 
4.9E-13 

4.6E-13 

4.9E-13 

4 . 9 ~ - i 3  
5.OE-13 
5.OE.13 
5.OE. 13  
5.OE-13 
5 .OE. 1 3 
5.OE-13 

2.5 
2.2 
2.2 
2.4 
2.3 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
1.9 
2 .o 
2.0 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
2 .o 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Immersion 
GM ISvlyearJ GSD 

5.OE-20 
5.OE-20 
4.OE-19 
5.8E-18 
2 .05  18  
1.7E-18 
2.9E-18 
4.5E-18 
2 .6518 
1.3E-18 
1 .8E-18 
1.OE-18 
1.OE-18 
1.2E-18 
5.8E-19 
8.7E-19 
2.7E-19 
3.4E-19 
2.2E-19 
2.1E-20 
6.6E-20 
1.4E-19 
1.5E-19 
8.7E-20 
1 .1519 
1.1E-19 
5.OE-20 
8.3E-20 
6.6E-20 
6.6E-20 
1.1E-19 
l . lE-19 
4.lE-20 
5.8E-20 
2.5E-20 
1.4E-20 
2.8E-20 

2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2 .3  
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2 .3  
2.3 
2.2  
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 



Pathway-Spedfic Doses A~sodsted whh R o U t i ~  Airborne Rebase of Enriched Uranium (continued1 
Sector 9 
11953.1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 ' 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~~~~ 

Wheat Ingestion 
G M  (Svlyeerl GSD 

8.3E-17 4.5 
1.9E-16 4.2 
9.1E-16 4.7 
1.1E-14 4.5 
1.6E-14 4.5 
1.9E-14 4.3 
2.6E- 14 4.1 
3.5E-14 4.1 
4.1E-14 4.1 
4.4E-14 4.3 
4.8E-14 4.5 
5.OE.14 4.0 
5.2E.14 3.8 
5.5E-14 4.1 
5.6E-14 4.1 
5.8E-14 4.2 
5.8E-14 4.2 
5.9E-14 4.0 
6.OE-14 3.9 
6.OE-14 4.1 
6.OE-14 4 .0  
6.OE-14 4.3 
6.1E-14 4.1 
6.1E-14 4.1 
6.1E-14 3.8 
6.1E-14 4.2 
6.1E-14 4.0 
6.2E-14 4.3 
6.2E- 14 4.0 
6.2E- 14 4.1 
6.2E-14 4.1 
6.2E- 14 4.1 
6.2E-14 4.1 

' 6.3E-14 4.1 
6.3E-14 4.5 
6.3E-14 4.3 
6.3E-14 4.2 

Milk Ingestion 
GM ISvlyearl GSD 

2.6E- 14 5.3 
1.9E-14 4.9 
2.2E-13 5.0 
3.1E-12 5.1 
1.42-12 4 .9  
1.3E-12 5.0 
2.OE-12 5.0 
3.OE- 12 5.4 
2.1E-12 4.8 
1.5E-12 4 .6  
1.9E-12 4.6 
1.5E-12 4.1 
1.5E-12 4.6 
1.7E-12 4.7 
1.3E.12 4.6 
1.5E-12 4 .0  
1.1E-12 5.0 
1.2E-1 2 4.4 
1.1E.12 4.6 
9.3E-13 4.3 
9.7E-13 4.7 
1.OE-12 4.7 
1.1E-12 4.4 
1 .OE-1 2 4.8 
1.OE-12 4.5 
1 .OF1 2 4.5 
9.8E.13 4.7 
1 .OE- 12 4.8 
1 .OE- 12 4.5 
1 .OE-12 4.7 
1 .OE-12 4.5 
1.OE-12 4.8 
9.9E- 13 4.9 
1.OE-12 4.2 
9.7E-13 4.8 
9.6E. 13 4.7 
9.8E-13 4.5 

Beef Ingestion 
GM (Svlyearl GSD 

7.4E.15 4.8 
8.3E-15 4.9 
6.1 E-14 4.7 
8.8E-13 4.9 
3.8E- 13 4.2 
3.5E-13 4.7 
5.7E-13 4.8 

' 8.6E-13 4.7 
5.9E-13 4.4 
4.3E-13 4.4 
5.26-13 4.1 
4.1E-13 3.9 
4.3E-13 4.6 
4.7E.13 4.0 
3.5E-13 4.2 
4.1 E-1 3 4.0 
3.OE.13 4.1 
3.2E-13 4.2 
2.9E-13 4.2 
2.4E-13 4.4 
2.5E. 13 4.4 
2.8E.13 4.1 
2.BE.13 4.2 
2.7E-13 4.2 
2.7E-13 4.3 
2.7E-13 4.4 
2.6E-13 4.6 
2.7E.13 4.3 
2.6E-13 4.3 
2.6E-13 4.2 
2.8E-13 4.2 
2.8E-13 4.3 
2.6E-13 4.2 
2.6E-13 4.4 
2.5E-13 4.6 
2.5E.13 4.4 
2.6E- 13 4.1 

Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

4.1E-15 3.7 
9.1E.15 3.4 
4.5E-14 3.4 
5.4E-13 3.7 
X6E.13 3.4 
9.4E-13 3.5 
1.3E-12 3.4 
1.7E-12 ' 3.3 
2.OE-12 3.4 
2.1 E-1 2 3.3 
2.3E-12 3.2 
2.4E-12 3.4 
2.6E-12 3.3 
2.7E-12 3.3 
2.7E-12 3.3 
2.8E-12 3.1 
2.9E-12 3.1 
2.9E-12 3.1 
2.9E-12 3.1 
2.9E-12 2.9 
2.9E-12 3.2 
3.OE-12 3.1 
3.OE-12 3.2 
3.OE-12 3.1 
3.OE-12 3.1 
3.OE-12 3.2 
3.OE-12 3.2 
3.OE-12 3.3 
3.OE-12 3.2 
3.OE.12 3.2 
3.OE.12 3.0 
3.OE-12 2.9 
3.OE-12 3.0 
3.1 E - 1  2 3.2 
3.1E-12 3.2 
3.1E.12 3.1 
3.1E.12 3.2 

NOTES: 
11 E - 0 1  is the bame as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 
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Immersion in 
Resuspended Particulates 
GM (Svlyearl GSD 

4.3E-24 3.3 
9.7E-24 2.8 
4.7E-23 2.8 
5.7E-22 3.2 
8.1E-22 2.8 
1 .OE-2 1 2.8 
1.3E-21 2.7 
1.8E-21 2.6 
2.1E-21 2.6 
2.3E-21 2.5 
2.5E-21 2.5 
2.6E-21 2.7 
2.7E-21 2.6 
2.9E-21 2.6 
2.9E.21 2.6 
3.OE-21 2.5 
3.1 E-2 1 2.6 
3.1E-21 2.4 
3.1 E-2 1 2.5 
3.1 E-21 2.4 
3.1E-21 2.6 
3.1 Ea21 2.5 
3.2E-21 2.6 
3.2E-21 2.5 
3.2E-21 2.5 
3.2621 2.6 
3.2E-2.1 2.5 
3.2E-21 2.6 
3.2E-21 2.5 

' 3.2E-21 2.6 
3.2521 2.7 
3.3E-21 2.4 
3.2E-21 2.5 
3.3E-21 2.5 
3.3E.21 2.6 
3.3E-21 2.4 
3.3E.2 1 2.5 

Total Dose 
GM (Svlyearl GSD 

1.6E-11 2.9 
1.6E-11 2.8 
1.3E-10 3.0 
1.9E-09 2.8 
6.7E-10 2.8 
5.5E.10 2.8 
9.6E-10 2.7 
1.5E-09 2.8 
8.5E-10 2.8 
4.4E.10 2.8 
6.OE- 10 2.8 
3.5E-10 2.8 
3.5E-10 2.7 
4.2E-10 2.6 
2.OE-10 2.6 
3.OE-10 2.9 
1.OE-10 2.5 
1.2E-10, 2.7 
8.4E-11 2.8 
1.6E.11 2.1 
3.2E-11 2.3 
5.9E-11 2.5 
6.OE-11 2.5 
4.OE-11 2.4 
4.8E-11 2.4 
4.8E-11 2.4 
2.7E.11 2.3 
3.8E-11 2.4 
3.2E.11 2.5 
3.2E.11 2.4 
4.7E-11 2.3 
4.6E-11 2.4 
2.4E-11 2.3 
2.9E.11 2.4 
1.8E-11 2.2 
1.3E-11 2.2 
1.9E.11 2.3 



Pathway-Spedfk Doses Assodated wlth Routine Airborne Rebase of Enriched Uranium 
Sector 10 
(1953. 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

7.OE- 12 
7.OE- 12 
5.6E-11 
8.1E-10 
2.8E-10 
2.3E-10 
4.1E-10 
6.4E-10 
3.6E-10 
1.9E.10 
2.5E-10 
1.4E-10 
1.4E-10 
1.7E-10 
8.1E-11 
1 .2510  
3.8E-11 
4.8E-11 
3.1E-11 
3.OE-12 
9.3E-12 
2.OE-11 
2.1E-11 
1 .251  1 
1.6E-11 
1.6E-11 
7.OE-12 
1.2E-11 
9.3E-12 
9.3E-12 
1.5E-11 
1.5E-11 
5.8E-12 
8.1E-12 
3.5E-12 
2.0E- 12 
3.9E-12 

2.9 
2.9 
2.8 
2.7 
2.9 
2.7 
2.8 
2.9 
2.8 
2.9 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.8 
2.7 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
2.9 
3.0 
2.8 
2.9 
2.9 
2.7 
2.8 
2.8 
2.8 
2.8 

Soil Ingestion 
GM (Svlyear) GSD 

2.OE-16 
4.6E-16 

2.7E-14 
2.2E.15 

3.8E-14 
4.8E-14 
6.2E-14 

9.9E-14 
1 .1E-l3 
1.2E-13 
1.2E-13 
1.3E-13 
1.3E-13 
1.4E-13 

8.6E-14 

1.4E-13 
1.4E-13 
1 .551  3 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1 .5513 
1.5E-13 

1.5E-13 
1.5E-13 

1.5E-13 

1.5E.13 

1.5E-13 

1.5E-13 

4.6 
4.2 
4.1 
4.2 
3.9 
4 0  
4 .0  
3.7 
3.7 
3.8 
3.6 
3.8 
3.8 
3.8 
3.7 
4.0 
3.7 
3.9 
3.9 
3.7 
3.6 
3.8 
3.9 
3.6 
3.6 
3.7 
3.9 
3.8 
3.8 
3.9 
3.9 
3.9 
3.6 
3.7 
3.9 
3.6 
3.8 

Vegetable Ingestion 
GM lSv/vearl GSD 

2.7€-14 
2.7E-14 
2.2E-13 
3.1E-12 
1.1E-12 
9.2E-13 
1.6E-12 
2.5E- 12 
1.5E.12 
7.8E-13 
1 .OE- 12 
6.3E-13 
6.3E-13 
7.5E-13 

5.5E-13 
2.2E-13 
2.6E-13 
1.9E-13 
5.9E-14 
9.2E- 14 

3.9E.13 

1.4E-13 
1.5E-13 
l . lE-13 
1.2E-13 
1.2E-13 
8.1E.14 
1.OE-13 
9.2E-14 
9.2E-14 
1.2E-13 

7.6E-14 
1.2E.13 

9.OE.14 
6.3E-14 
5.4E-14 
6.6E-14 

3.7 
3.4 
3.7 
4.0 
3.6 
3.7 
3.7 
3.8 
3.7 
3.7 
3.8 
3.5 
3.6 
3.8 
3.7 
3.2 
3.5 
3.2 
3.2 
3.3 
3.2 
3.3 
3.4 
3.1 
3.3 
3.2 
3.4 
3.1 
3.3 
3.3 
3.1 
3.3 
3.5 
3.2 
3.3 
3.5 
3.1 

NOTES 
11 E-01 is the same as the value divided by 10’; E-02 is the same as the value divided by 10’: etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 

l o t 2  , 
”. 

Ground Exposure 
GM (Svlyearl GSD 

9.9E-17 
2.2E-16 
l . lE.15 
1.3E-14 
1.9E-14 
2.3E- 14 
3.1 E-14 
4.2E- 14 
4.9E-14 
5.2E-14 
5.7E-14 
5.9E-14 
6.2E-14 
6.5E-14 
6.7E-14 

7.OE-14 
6.9E-14 

7.1E-14 
7.1 E-14 
7.1E.14 
7.2E- 14 
7.2E-14 
7.2E-14 
7.3E-14 
7.3E-14 
7.3E-14 
7.3E-14 
7.4E.-14 
7.4E-14 
7.4E.14 
7.4E-14 

7.5E-14 

7.5E.14 
7.5E-14 

7.5E-14 

7.5E-14 

7.5E-14 

2.6 
2.2 
2.2 
2.4 
2.2 
2.1 
2.0 
2.0 
2.0 
2 .o 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1 .9  
1.9 
1 .9  
1.9 
1.9 
1.9 
1.9 
1.8 

Immersion 
GM (Svlyeerl GSD 

7.4E-21 
7.4E-21 
5.9E-20 
8.6E-19 
3.OE.19 
2.5E-19 
4.3E-19 
6.8E-19 
3.8E-19 
2.OE-19 
2 .751  9 
1.5E-19 
1.5E-19 
1.9E-19 
8.7E-20 
1.3E-19 
4.OE-20 
5.1E-20 
3.3E-20 
3.2E-21 
9.9E-21 
2.2E-20 
2.2E-20 
1.3E-20 
1.7E-20 
1.7E-20 
7.4E-21 
1.2E-20 
9.9E-21 
9.9E-21 
1.6E-20 
1.6E-20 
6.2E-21 
8.6E-21 
3.7E-21 
2.1E-21 
4.2E-21 

2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 

~ 

I 

I 

i 
i 

I 
I 

1 

i ”  
I 
I 

I 
I 
1 

I 
I 
i 
i 
I 
I 

I 

I I 
I 

I 
I 
I 
~ 

1 

I 



Pathway-Spedfic Doses Assoelated whh Routlne Alrbome Release of Enriched Uranium IcontinudJ 
Sector 10 
I1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (SvlyearJ GSD 

3.6E.17 
8.1E-17 
4.OE-16 
4.8E-15 
6.8E-15 
8.4E.15 
1.1E-14 
1 .5E-14 
1.8E-14 
1.9E-14 
2.1E.14 
2.2E-14 
2.3E-14 
2.4E-14 
2.4E-14 
2.5E-14 
2.5E- 14 
2.6E- 14 
2.6E- 14 
2.6E-14 
2.6E- 14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.7E-14 
2.7E-14 
2.76-14 
2.7E.14 
2. ?E. 14 
2.7E-14 
2.7E-14 
2.X-14 
2.7E-14 
2.7E- 14 
2. ?E-1 4 
2.76-14 

4.8 
4.3 
4.5 
4.3 
4.6 
4.6 
4.2 
4.3 
4.0 
4.0 
4.1 
4.4 
4.0 
4.2 
4.4 
3.8 
4.0 
4.2 
4.2 
4.0 
3.8 
4.1 
4.1 
4.3 
4.3 
3.6 
4.2 
3.8 
4.2 
4.2 
3.8 
4.1 
4.3 
4.3 
4.2 
4 .0  
3.9 

Milk Ingestion 
G M  ISvlyearI GSD 

1 . 1  E - 1  4 
1.3E.14 
9.3E- 14 
1.3E-12 
5.9E-13 
5.5E.13 
8.8E-13 
1.3E-12 
9.5E-13 
6.6E-13 
8.lE-13 
6.46-13 
6.5E-13 
7.3E-13 
5.5E-13 
6.6E-13 
4.8E- 13 
5.1E-13 
4.8E-13 
4.OE-13 
4.2E-13 
4.5E.13 
4.6E-13 
4.4E.13 
4.5E.13 
4.5E.13 
4.2E-13 
4.4E- 13 
4.3E-13 
4.3E-13 
4.5E-13 
4.5E-13 
4.3E-13 
4.3E.13 
4.2E-13 
4.2E.13 
4.2E-13 

5.5 
4.7 
5.6 
5.5 
4.9 
5 .0  
4.9 
4.4 
4.7 
4.7 
4.7 
4.5 
4.8 
5.0 
4.3 
4.7 
4.7 
4.5 
4.2 
4.7 
4.5 
4.6 
4.8 
4.7 
4.5 
4.3 
4.1 
4.4 
4.6 
4.7 
4.4 
4.3 
4.3 
4.6 
4.6 
4.4 
4.8 

Bee1 Ingestion 
G M  (Svlvearl GSD 

3.2E.15 
3.5E.15 
2.6E.14 
3.8E-13 
1.7E.13 
1.5E-13 
2.5E- 13 
3.7E-13 
2.7E-13 
1.8E-13 
2.2E-13 
1.8E-13 
1 .8E-l 3 
2.OE-13 
1.5E-13 
1.8E-13 
1.3E-13 
1.4E- 13 
1.3E-13 
1 .OE-l3 
1.1E-13 
1.2E-13 

l . lE-13 
1.2E-13 
1.2E-13 
1.1E-13 
1.2E-13 
1.1E-13 
1.1E-13 
1.2E.13 
1.2E-13 
l.lE.13 
1 .1E-l3 

1.2E-13 

1.1E-13 
1.1E-13 
l . lE-13 

4.5 
4.5 
4.8 
4.9 
4.5 
4.5 
4.3 
4.4 
4.4 
4.3 
4.1 
4.1 
4.2 
4.3 
4.3 
3.8 
4.5 
4.4 
4.3 
4.3 
4.2 
4.1 
4.2 
4.1 
4.3 
4.1 
4.3 
4.0 
4.5 
4.2 
4.1 
4.2 
4.3 
4.3 
4.7 
4.3 
4.5 

NOTES: 
1 1  E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; elc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100rem 

UE-lO.XLS 2 of 2 

Inhalation of 
Resuspended Particulates 
GM ISvlvearJ GSD 

1.8E-15 
4.OE- 15 
1.9E-14 
2.3E.13 
3.3E-13 
4.1 E- 13 
5.4E-13 
7.4E.13 
8.6E-13 
9.2E-13 
1 .OE-1 2 
1.1E.12 
1.1E.12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E.12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 

1.3E-12 
1.3E.12 

1.X-12 
1.3E-12 
1.3E-12 
1 x . 1 2  

1.3E.12 
1.3E-12 

1.3E-12 

3.9 
3.4 
3.4 
3.5 
3.3 
3.3 
3.3 
3.2 
3.3 
3.1 
3.2 
3.0 
3.1 
3.1 
3.1 
3.1 
3.2 
3.2 
3.0 
3.1 
3.1 
3.1 
3.0 
3.1 
3.4 
3.0 
3.0 
3.0 
3.1 
3.1 
3.2 
3.2 
3.0 
3.1 
3.0 
3.1 
3.1 

Immersion in 
Resuspended Particulates 
G M  ISvlyearI GSD 

1.9E.24 3.3 
4.2E-24 2.8 
2.1 E-23 3.0 
2.5E-22 3.0 
3.5E-22 2.8 
4.4E-22 2.7 
5.8E-22 2.7 
7.9E-22 2.5 
9.2E-22 2.6 
9.8E-22 2.6 
1.1E-21 2.5 
1.1E-21 2.4 
1.2E-21 2.8 
1.2E-21 2.6 
1.3E-21 2.6 
1.3E-21 2.6 
1.3E-21 2.6 
1.3E-21 2.6 
1.3E-21 2.6 
1.4E-21 2.5 
1.4E-21 2.5 
1.4E-21 2.6 
1.4E-21 2.6 
1.4E-21 2.6 
1.4E-21 2.6 
1.4E-21 2.4 
1.4E-21 2.5 
1.4E-21 2.5 
1.4E.21 2.4 
1.4E-21 2.5 
1.4E-21 2.5 
1.4E-21 2.5 
1.4E-21 2.4 
1.4E-21 2.5 
1.4E.21 2.5 
1.4E.21 2.5 
1.4E.21 2.5 

Total Dose 
G M  ISvlyearl GSD 

7.1E-12 2.8 
7.1 E.12 2.8 
5.7E-11 2.8 
8.3E-10 2.7 
2.9E-10 2.9 
2.4E-10 2.7 
4.2E-10 2.8 
6.5E-10 2.9 
3.7E-10 2.8 
1.9E-10 2.9 
2.6E-10 2.7 
1.5E-10 2.7 
1.5E-10 2.7 
1.8E-10 2.9 
8.X-11 2.8 
1.3E-10 2.7 , 
4.3E-11 2.6 
5.4E-11 2.7 
3.6E-11 2.5 
7.OE-12 2.2 
1.4E-11 2.4 
2.6E-11 2.5 
2.6E-11 2.4 
1.7E-11 2.4 
2.1E-11 2.5 
2.1E.11 2.4 
1 . 1 E - 1 1  2.3 
1.6E-11 2.4 
1.4E-11 2.5 
1.4E-11 2.4 
2.OE-11 2.5 
2.051 1 2.5 
1 .OE-1 1 2.2 
1.351 1 2.3 
7.5E.12 2.2 
5.7E-12 2.2 
8.2E.12 2.2 



PaihwarS@flc Down hsodotod with Routine Altbome Relesse of Enrlched Uranium 
Sector 11 
f 1953 . 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
I969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (Svlyear) GSD 

6.7E-12 
6.7E-12 
5.4E-11 
7.8E-10 
2.7E-10 
2.2E-10 
3.9E-10 
6.1E-10 
3.5E-10 
1.8E-10 
2.4E-10 
1.4E-10 
1.4E-10 
1.X-10 
7.8E-11 
1.2E-10 
3.6E-11 
4.6E-11 
3.OE-11 
2.9E-12 
8.9E-12 
2.OE-11 
2.OE-11 
1.2E-11 
1.5E-I 1 
1.5E-11 
6.7E-12 
1.lE-I1 
6.9E-12 
8.9E-12 
1.5E-11 
1.5E-11 
5.6E-12 
7.8E-12 
3.4E-12 
1.9E-12 
3.8E-12 

2.9 
2.8 
2.9 
2.8 
2.8 
2.9 
2.8 
2.9 
2.9 
2.8 
2.9 
2.8 
2.8 
2.9 
2.8 
3.0 
2.9 
2.9 
2.8 
2.9 
2.8 
3.0 
2.8 
2.9 
2.8 
2.8 
2.8 
2.7 
2.9 
2.9 
2.9 
2.9 
2.7 
2.7 
2.8 
2.8 
2.9 

Soil Ingestion 
GM (Svlyear) GSD 

2.OE-16 
4.4E-16 
2.1 E-1 5 
2.6E- 14 
3.7E- 14 
4.6E-14 
6.OE-14 
8'. 3E- 1 4 
9.6E-14 
1.OE-13 
l.lE-13 
1.2E-13 
1.2E-13 
1.3E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.461 3 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E.13 
1.5E-13 
1.5E-13 
1.5E.13 
1.5E.13 
1.5E-13 
1.5E.13 
1.5E.13 
1.5E-13 
1.5E.13 
1.5E.I 3 
1.5E-13 
1.5E-13 

4.5 
3.9 
4.1 
4.3 
4.1 
3.8 
4.2 
3.7 
3.9 
3.9 
3.8 
3.5 
3.7 
4.0 
3.8 
3.8 
3.8 
3.7 
3.9 
3.7 
3.9 
3.9 
3.9 
3.6 
3.9 
3.6 
3.9 
3.9 
3.8 
3.6 
3.8 
4.0 
3.7 
3.7 
3.8 
3.6 
3.8 

Vegetable Ingestion 
GM (Svlvear) . GSD 

2.6E-14 
2.6E- 14 
2.lE-13 
3.OE-12 
1.1E.12 
8.9E-13 
1.5E-I2 
2.4E-12 
1.4E-12 
7.5E-13 
9.8E-13 
6.1E-13 
6.1E-13 
i . ~ ~ - i 3  
3.8E-13 
5.4E-13 
2.1 E-1 3 
2.5E.13 
1.8E-13 
5.6E.14 
8.7E- 14 
1.4E-13 
1.4613 
1 .OE-l3 
1.2E-13 
1.2E-13 
7.9E-14 
9.9E-14 
8.9E- 14 
8.7E-14 
1.2E-13 
1.2E-13 
7.4E-14 
8.5E-14 
6.1E-14 
5.2E-14 
6.4E-14 

3.9 
3.8 
3.5 
3.9 
3.8 
3.7 
3.8 
3.6 
3.9 
3.5 
3.7 
3.7 
3.5 
3.5 
3.3 
3.4 
3.5 
3.3 
3.3 
3.4 
3.4 
3.1 
3.0 
3.4 
3.3 
3.5 
3.2 
3.2 
3.2 
3.4 
3.2 
3..2 
3.4 
3.1 
3.3 
3.6 
3.3 

NOTES: 
11 E-01 is the same as the value divided by IO': E-02 is the same as the value divided by 10'; etc 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 

1 of 2 

Ground Exposure 
GM ISvlvear) GSD 

9.6E-17 
2.1E-16 
1.OE-15 
1 . 3 - 1 4  
1.8E-14 
2.2E-14 
2.9E-14 

4.7E-14 
4.OE-14 

5.OE-14 
5.5E-14 
5.7E-14 
6.OE-14 
6.3E-14 
6.5E-14 
6.7E-14 
6.7E-14 
6.8E-14 
6.9E-14 
6.9E- 14 
6.9E- 14 
7.OE-14 
7.OE-14 
7.OE-14 
7.1 E-14 
7.1E-14 
7.lE-14 
7.1 E-14 
7.1 E-14 
7.1E-14 

7 .25  14 
7.2E-14 

7.2E-14 
7.2E-14 
7.2E. 14 
7.3E-14 
7.3E-14 

2.5 
2.2 
2.4 
2.5 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 

Immersion 
GM ISvlvearI GSD 

7. 1E-21 
7.1E-21 
5.X-20 
8.4E-19 
2.9E-19 
2.4E-19 
4.2E-19 
6.6E-19 
3.7E-19 
1.9E-19 
2.6E-19 
1.5E-19 
1.5E-19 
1.8E-19 
8.3E-20 
1.2E-19 
3.9E-20 
4.9E-20 
3.26-20 
3.1 E-2 1 
9.5E-21 
2.1 E-20 
2.1 E-20 
1.3E-20 
1.6E-20 
1.6E-20 
7.26-21 
1.2E-20 
9.5E-2 1 
9.5E-21 
1.5E-20 
1.5E-20 
5.9E-21 
8.X-21 
3.6E.21 
2.OE-21 
4.1E-21 

2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2 .2  
2.3 
2.3 

I 
! 
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I 

I 
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I 
I 
I 

I 
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I 
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Pslhwmy-Sp.d& Doses Asr0d.t.d with Ranfne Ahbome Rdeaae~ of Enrkhed U r d m  Icontimedl 
Sector 11 
(1 953 . 19891 - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

3.5E.17 
?.BE-17 
3.8E-16 
4.6E-15 
6.5E-16 
8.1E-15 
1 .lE-14 
1.5E-14 
1.7E-14 
1.8E-14 
2.OE-14 
2.1E-14 
2.2E-14 
2.3E-14 
2.3E-14 
2.4E-14 
2.5E-14 
2.5E-14 
2.5E-14 
2.5E-14 
2.5E- 14 
2.5E. 14 
2.5E- 14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E- 14 
2.6E- 1 4 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E-14 
2.6E- 14 

4.5 
4.4 
4.4 
4.9 
4.3 
4.8 
4.3 
4.3 
4.1 
4.3 
4.3 
3.9 
4.1 
4.5 
4.1 
4.2 
4.3 
4.1 
4.2 
4.4 
4.3 
4.1 
4.1 
4.3 
4.0 
4.4 
3.8 
4.1 
3.9 
3.9 
4.2 
4.1 
4.2 
4.3 
4.1 
4.2 
4.2 

~~ ~ - 

Milk Ingestion 
GM (Svlyear) GSD 

l.lE-14 
1.2E-14 
8.9E- 1 4 
1.X-12 
6.9E-13 
5.3E-13 
8.5E-13 
1.3E-12 
9.1E-13 
6.4E-13 
7.8E-13 
6.2E-13 
6.5E-13 
7.OE-13 
5.4E-13 
6.4E-13 
4.7E-13 
5.OE-13 
4.6E-13 
3.9E-13 
4.1E-13 
4.4E-13 
4.4E.13 
4.2E-13 
4.3E-13 
4.3E-13 
4.151 3 
4.26-13 
4.2E-13 
4.2E-13 
4.4E-13 
4.4E-13 
4.1E-13 
4.2E.13 
4.OE-13 
4.OE- 13, 
4.1E-13 

5.7 
5.2 
5.4 
5.1 
5.0 
4.8 
5.1 
4.8 ' 
4.7 
4.3 
4.7 
5.1 
4.8 
4.5 
4.5 
4.3 
4.2 
4.6 
4.6 
4.4 
4.7 
4.3 
4.9 
4.6 
4.7 
4.5 
4.9 
4.4 
4.9 
4.4 
4.6 
4.8 
4.7 
4.5 
4.6 
5.1 
4.5 

Beet Ingestion 
GM (Svlyear) GSD 

3.1 E.15 
3.4E-15 
2.5E- 14 
3.7E-13 
1.6E-13 
1.5E-13 
2.4E-13 
3.6E-13 
2.5E-13 
1.8E-13 
2.2E-13 
1.7E.13 
1.8E-13 
1.9E-13 
1.5E-13 
1.7E-13 
1.3E-13 
1.4E-13 
1 .2E-l3 
1 .OE-l3 
1.1 E-13 
1.2E-13 
1.2E-13 
1.1 E-1 3 
l.lE-13 
l.lE-13 
1.1 E-1 3 
l.lE-13 
l.lE.13 
1.1E.13 
l.lE.13 
l.1E-13 
1 . lE-l3 
1.1E-13 
1.1 E-1 3 
1 .OE-l3 
l . lE-13  

5.1 
4.4 
4.6 
5.0 
4.6 
4.5 
4.6 
4.3 
4.4 
4.1 
4.3 
4.3 
4.0 
3.8 
4.0 
4 .O 
4.7 
4.0 
4.5 
4.6 
4.1 
4.5 
4.4 
4.3 
4.3 
4.3 
4.5 
4.4 
4.5 
4.3 
4.3 
4.3 
4.5 
4.4 
4.1 
4.3 
4.3 

NOTES: 
11 E-01 is the same as the value divided by 10': E-02 is the same as the value divided by lW: etc. . 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 1 0 0  rem 

UE- I I .XLS 2 ot 2 

~ Inhalation of 
Resuspended Particulates 
GM ISvlyearl CSD 

1.7E-15 
3.8E-15 
1.9E.14 
2.2E-13 
3.2E-13 
3.9E-13 
5.2E-13 
7.1E.13 
8.3E-13 
8.9E-13 
9.7E-13 
1.OE-12 
1 .1E-l2 
1.1E.12 
l.lE.12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E.12 
1 . X .  1 2 
1.3E-12 
1.3E-12 
1.3E.12 
1.3E-12 
1.3E-12 

3.7 
3.5 
3.4 
3.5 
3.5 
3.3 
3.2 
3.4 
3.1 
3.2 
3.3 
3.1 
3.1 
3.1 
3.1 
3.2 
3.4 
3.2 
3.1 
3.3 
3.2 
3.3 
3.3 
3.2 
3.1 
3.2 
3.2 
3.2 
3.2 
3.4 
3.2 
3.3 
3.1 
3.2 
3.3 
3.4 
3.1 

Immersion in 
Resuspended Particulates 
GM (Svlyearl GSD 

1 .8E-24 
4.1E-24 
2.0E-23 
2.4E-22 
3.4E-22 
4.2E-22 
5.66-22 
7.6E-22 
8.9E-22 
9.5E-22 
1 .OE-21 
l . lE-21 
1.1E-21 
1.2E-21 
1.2E-21 
1.3E-21 
1.3E-21 
1 . X - 2  1 
1.3E-21 
1.3E.21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.X-21 
1.3E-21 
1.3E-21 
1.3E-2 1 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-2 1 
1.4E.21 
l.4E-21 

3.0 
2.8 
2.9 
3.0 
3.0 
2.7 
2.8 
2.8 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.7 
2.5 

Total Dose 
GM (Svlyeerl GSD 

6.8E-12 
6.8E-12 
6.5E-1 I 
8.OE- 10 
2.8E-10 
2.3E-10 
4.OE-10 
6.3E-10 
3.6E-10 
1.9E-10 
2.5E-10 
1.5E-10 
1.5E-10 
1 .BE-lO 
8.4E-11 
1.2E-10 
4.2E-11 
5.2E-11 
3.5E-11 
6.7E-12 
1.3E-11 
2.5E-11 
2.5E-1 1 
1.6E-11 
2.OE-1 1 
Z.OE.11 
1.lE-11 
1.6E-11 
1.4E-11 
1.3E-11 
2.OE-11 
1.9E-11 
9.9E- 12 
1.2E-11 
7.4E-12 
5.7E-12 
8.OE-1 2 

2.8 
2.8 
2.8 
2.8 
2.7 
2.8 
2.8 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.8 
2.7 
2.8 
2.6 
2.7 
2.5 
2.2 
2.4 
2.6 
2.5 
2.5 
2.4 
2.4 
2.3 
2.3 
2.4 
2.4 
2.5 
2.5 
2.2 
2.3 
2 .2  
2.3 
2.2 
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PathwwSpedRc Doses Assodaed with R w t h  Alrborne Release of Enriched Uranium 
Sector 12 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1982 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM ISvlyearI GSD 

2.3E-11 
2.3E-11 
1.8E-10 
2.6E-09 
9.2E-10 
7.5E-10 
1.3E-09 
2.1E-09 
1.2E-09 
6.OE-10 
8.1 E - 1 0  
4 . X -  10 
4 .X -10  
5.6E-10 
2.6E-10 
3.9E-10 
1.2E-10 
1.6E-10 
9.9E-11 
9.7E-12 
3.OE-11 
6.6E-11 
6.7E-11 
3.9E-11 
5.1E-11 
5.1E-11 
2.2E-11 
3.7E-11 
3.OE-11 
3.OE-11 
4.9E-11 
4.9E-11 
1.9E-11 
2.6E-11 
1.1E-11 
6.4E-12 
1.3E-11 

2.9 
3.0 
2.8 
3.0 
3.0 
2.8 
2.8 
2.8 
2.7 
2.9 
2.8 
2.8 
2.8 
3.0 
2.8 
2.8 
2.8 
2.9 
2.8 
3.0 
2.8 
3.0 
2.9 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.9 
3.0 
2.7 
2.8 
3 0  
2.8 
2.9 
2.8 

Soil Ingestion 
GM (Svlyearl GSD 

6.6E-16 
1.5E-15 
7.2E-15 
8.7E-14 
1.2E-13 

2.OE-13 
1.5E-13 

2.8E-13 
3.2E-13 
3.5E-13 
3.8E-13 
3.9E-13 
4.1 E-13 

4.4E-13 
4.6E-13 
4.6E-13 " 

4.7E-13 

4.3E-13 

4.8E-13 
4.8E-13 
4.8E-13 
4.8E-13 
4.8E-13 ' 

4.8E-13 
4.8E-13 

4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
4.9E-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 
5.OE-13 

4.5 
4.2 
4.1 
4.1 
3.8 
3.8 
3.9 
4.0 
3.8 
3.9 
4.1 
3.7 
3.9 
3.9 
3.7 
3.8 
3.7 
3.8 
3.8 
3:7 
3.5 
3.7 
3.6 
3.8 
3.9 
3.7 
3.8 
3.6 
3.7 
3.7 
3.9 
3.7 
3.7 
3.6 
3.6 
3.8 
3.8 

Vegetable Ingestion 
GM (Svlyear) GSD 

8.7E-14 
8.8E-14 
6.9E-13 
1.OE-11 
3.6E-12 
3.OE-12 
5.2E-12 
8.1E-12 
4.7E-12 
2.5E-12 
3.3E-12 
2.OE- 1 2 
2.1E-12 
2.4E-12 
1.2E-12 
1 .8E-l2 
7.OE- 13 
8.4E-13 
6.OE- 13 

3.OE-13 
4.5E-13 

1.9E-13 

4.6E-13 
3.4E-13 
3.9E-13 
3.9E-13 
2.6E-13 
3.4E-13 
3.OE-13 
3.OE-13 
3.9E-13 
4.OE-13 
2.4E-13 
2.8E-13 
2.OE-13 
1.8E-13 
2.1E-13 

3.8 
4.0 
3.7 
3.9 
3.7 
3.6 
3.6 
3.9 
3.9 
3.6 
3.7 
3.4 
3.5 
3.7 
3.3 
3.4 
3.1 
3.5 
3.3 
3.5 
3.3 
3.2 
3.2 
3.1 
3.1 
3.2 
3.2 
3.3 
3.6 
3.2 
3.3 
3.2 
3.5 
3.2 
3.3 
3.5 
3.4 

NOTES: 
1) E-01 is the same as the velua divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Ground Exposure 
GM (Svlyearl GSD 

3.2E-16 
7.2E-16 

4.2E-14 
3.5E-15 

6.1 E-14 
7.5E-14 
9.9E-14 
1.4E-13 
1.6E-13 
1.7E-13 
1.8E-13 
1.9E-13 
2.OE-13 
2.1E-13 
2.2E-13 
2.2E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.3E.13 
2.4E-13 

2.4E-13 
2.4E-13 

2.4E-13 

2.4E-13 

2.4E-13 

2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 
2.4E-13 

2.4E- 13 
2.4E-13 

2.4E-13 

2.6 
2.2 
2.2 
2.4 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 

Immersion 
GM (Svlyesr) GSD 

2.4E-20 
2.4E-20 
1.9E-19 
2.8E-18 
9.8E-19 
8.OE-19 
1.4E-18 
2.2E-18 
1.2E-18 
8.4E-19 
8.6E-19 
5.OE-19 
5.OE-19 
8.OE-19 
2.8E-19 
4.2E- 19 
1.3E-19 
1.7E-19 
1.1 E-19 
1 .OE-20 
3.2E-20 
1.OE-20 
7.2E-20 
4.2E-20 
5.4E-20 
5.4520 
2.4E-20 
4.OE-20 
3.2E-20 
3.2E-20 
5.2E-20 
5.2E-20 
2.OE-20 
2.8E-20 
1.2E-20 
6.8E-21 
1.4E-20 

2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
.2.3 
2.2 
2.3 
2.3 
2.2 



Pathway-Spedlk Doses Aasodatrd wlth R m h  Ahbome Rdeaae of Enrlchod Uranlum (continued) 
Sector 12 
11953 - 1989) - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyearI GSD 

1 .2E-10 
2.6E-16 
1.3E-15 
1.5E-14 
2.2E-14 
2.7E-14 
3.6E.14 
4.9614 
5 .751 4 
6.lE-14 
6.7E-14 
7.OE-14 
7.3E- 14 
7.7E-14 
7.9E-14 
8.1E-14 
8.3E-14 
8.3E-14 
8.4E-14 
8.4E-14 
8.4E-14 
8.5E-14 
8.5E-14 
8.6E-14 
8.6E-14 
8.6E-14 
8.6E-14 
8.7E- 14 
8.7E-14 
8.7E-14 
8.7E-14 
8.8E-14 
8.0E.14 
8.8E-14 
8.8E-14 
8.8E.14 
8.8E-14 

4.9 
4.4 
4.5 
4.5 
4.0 
4 .3  
4.1 
4.1 
4.1 
4.2 
4 .0  
4.2 
4.2 
4.0 
3.8 
4.3 
4.0 
4.3 
4.1 
4.0 
4.2 
4.0 
4.2 
4.0 
4.1 
4.3 
4.1 
3.9 
4.0 
4.0 
4.1 
4.2 
4.1 
4.1 
4 . 0  
4.3 
4.2 

Milk Ingestion 
GM lSv/yearl GSD 

3.7E-14 
4.OE-14 
3.OE-13 
4.3E-12 
1.9E-12 
1.8E-12 
2.8E-12 
4.3E-12 
3.OE-12 
2.1 E- 1 2 
2.6E-12 
2.1 E.12 
2.2E-12 
2.3E-12 
1:8E-12 
2.1 E-1 2 
1.6E-12 
1.7E-12 
1.5E-12 
1.3E-12 
1.4E-12 
1 .56  1 2 
1.5E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.5E-12 
1.5E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1 . X - 1 2  
1.4E-12 

4.9 
5.5 
5.5 
5.3 
4.7 
4.5 
4.9 
5.1 
4.7 
4.7 
4.6 
'4.3 
4.8 
4.5 
4.8 
4.5 
4.4 
4.4 
4.4. 
4.6 
4.4 
4.2 
4.4 
4.9 
4.4 
4.3 
4.7 
4.2 
4.3 
4.6 
4.6 
4.3 
4.8 
4.5 
4.6 
4.6 
4.7 

Beet Ingestion 
GM ISvlyearI GSD 

1.OE-14 
l . l E - 1 4  
8.5E-14 
1.2E-12 
5.4E-13 
4.9E. 13 
8.OE-13 
1.2E-12 
8.5E-13 
6.OE- 13 

5.6E-13 
5.9E-13 

7.2E-13 

6.6E- 13 
4.9E-13 == 
5.8E-13 
4.2E-13 

4.1E-13 . 
3.4E-13 
3.6E-13 

4.5E.13 

3.9E-13 
3.9E-13 
3.7E-13 
3.8E-13 
3.8E-13 . 

3.7E-13 

3.7E-13 
3.9E-13 

3.6E.13 

3.6E-13 

3.9E-13 
3.6E.13 
3.7E-13 
3.6E-13 
3.5E-13 
3.6E-13 

4.4 
5 .2  
4.6 
5.1 
4.5 
4 .6  
4.5 
4.9 
4.2 
4.3 
4.3 
4.1 
4.3 
4.0 
4.2 
4.1 
4.1 
4.1 
4.3 
4.4 
4.1 
4.1 
4.2 
4.4 
4.3 
4.1 
4.4 
4.3 
4.2 
4.3 
4.1 
4.2 
4.3 
4.1 
4.2 
4.3 
4.7 

NOTES: 
1 ) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sieverl; 1 Sv = 1 0 0  rem 

Inhalation of 
Resuspended Particulates 
GM ISvlyearI GSD 

5.7E.15 
1.3E-14 
6.2E-14 
7.5E-13 
l.lE.12 
1.3E-12 
1.7E-12 
2.4E.12 
2.8E-12 
3.OE.12 
3.3E.12 
3.4E-12 
3.6E-12 
3.7E-12 
3.8E.12 
4.OE-12 
4.OE- 12 
4.1E-12 
4.1E-12 
4.1E-12 
4.1E-12 

4.2E-12 
4.1E-12 

4.2E-12 
4.2E-12 
4.2E-12 
4.2E-12 
4.2E-12 
4.2E-12 
4.2E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.3E.12 
4.3E-12 
4.3E-12 
4 . X - 1 2  

3.6 
3.5 
3.q 
3.5 
3.5 
3.2 
3.3 
3.2 
3.2 
3.3 
3.2 
3.5 
3.1 
3.2 
3.0 
3.2 
3.0 
3.3 
3.2 
3.1 
3.1 
3.3 
3.2 
3.1 
3.1 
2.8 
3.2 
3.1 
3.2 
3.0 
3.1 
3.0 
3.1 
3.1 
3.1 
3.1 
2.9 

Immersion in 
Resuspended Perticutales 
GM lSv/vear) GSD 

6.1 E-24 
1.4E.23 
6.6E-23 
8.OE-22 
1.1E-21 
1.4E-21 
1.9E-21 
2.6E-21 
3.OE-21 
3.2E-21 
3.5E-21 
3.6E-21 
3.8E-21 
4.OE-21 
4.1E-21 
4.2E-21 
4.3E-21 
4.3E-21 
4.4E-21 
4.46-21 
4.4E-21 
4.4E-21 
4.4E-21 
4.4E-21 
4.5E-21 
4.5E-21 
4.5E-21 
4.5E-21 
4.5E-21 
4.5E-21 
4.6E.21 
4.6E-21 
4.6E-21 
4.6E-21 
4.6E-21 
4.6E.21 
4.6E-21 

3.1 

2.8 
2.9 
2.7 
2.6 
2.7 
2.5 
2.0 
2.6 
2.5 
2.0 
2.5 
2.8 
2.5 
2.5 
2.4 
2.5 
2.0 
2.4 
2.4 
2.5 
2.5 
2.0 
2.5 
2.4 
2.0 
2.4 
2.0 
2.5 
2.3 
2.4 
2.5 
2.3 
2.6 
2.5 
2.4 

2.8 

Totat Dose 
GM ISvlyearI GSD 

2.3E-1 1 
2.3E.11 
1.8E-10 
2.7E-09 
9.4E-10 
7.7E-10 
1.3E-09 
2.1E-09 
1.2E-09 
6.3E-10 
8 . X -  10 
4.9E-10 
5.OE-10 
5.9E-10 
2.8E-10 
4.2E-10 
1.4E.10 
1.8E-10 
1.2E-10 
2.2E-11 
4.4E-11 
8.4E-11 
8.4E-11 
5.6E-11 
8.7E-11 
6.6E-11 
3.7E-11 
5.3E-11 
4.5E-11 
4.5E-11 
6.5E-11 
0.5E-11 
3.3E-11 
4.1E-11 
2.5E-11 
1.9E-1 1 
2.6E-11 

2.9 
2.9 
2.8 
2.9 
3.0 
2.7 
2.7 
2.8 
2.6 
2.8 
2.7 
2.7 
2 .1  
2.9 
2.7 
2.7 
2.0 
2.7 
2.5 
2.2 
2.4 
2.5 
2.5 
2.4 
2.4 
2.4 
2.3 
2.4 
2.3 
2.4 
2.5 
2.4 
2.3 
2.4 
2.2 
2.2 
2.2 
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Pathway-Specific Dores Assoelated with Routlne Airborne Rdease of Enriched Uranium 
Denver 
(1953 ~ 1989) 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM ISvlyear) GSD 

8.1E-12 
8.1E-12 
6.5E-11 
9.5E-10 
3.3E-10 
2.7E-10 
4.8E-10 
7.5E-10 
4.2E-10 
2. ZE- 10 
2.9E-10 
1.7E.10 
1.7E-10 
2.OE- 10 
9 .551 1 
1.4E-10 
4.4E-11 
5.6E-11 
3.6E-11 
3.5E-12 
1.lE-11 
2.4E.11 
2.4E-11 
1.4E-11 
1 .BE-ll 
1.8E-11 
8.1E-12 
1.4E-11 
1.lE-11 
1.1E-11 
1.8E-11 
1.8E-11 
6.8E- 12 
9.5E-12 
4.1E-12 
2.3E-12 
4.6E.12 

2.8 
2.8 
3.0 
2 . 9  
2.9 
2.8 
2.8 
2.9 
2.8 
2.8 
2.7 
2.8 
2.8 
2.8 
2.8 
2.7 
2.9 
2.8 
2.9 
2.8 
2.7 
2.8 
2.9 
2.9 
2.9' 
2.9 
2.9 
2.9 
2.8 
2.8 
2.9 
2.9 
3.0 
2.7 
2.9 
2.9 
2.8 

Soil Ingestion 
GM (Svlyear) GSD 

2.4E-16 
5.3E-16 
2.6E-15 

4.5E- 14 

7.3E-14 

3.1E-14 

5.5E-14 

1.OE-13 
1.2E-13 
1.2E-13 
1.4E-13 
1.4E-13 
1.5E-13 
1.6E-13 
1.6E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.X-13 

1.7E-13 
1.7E-13 

1.7E-13 

1.7E-13 
1.7E-13 
1 .8E-l3 
1.8E-13 
1.8E-13 
1.8E-13 

1.8E-13 
1.8E-13 

1.8E-13 
1.8E-13 
1.8E-13 
1.8E-13 
1.8E-13 

4.2 
4.1 
3.7 
4.1 
3.9 
3.8 
3.7 
3.5 
3.5 
3.7 
4.0 
3.7 
3.7 
3.9 
3.7 
4.1 
3.6 
3.9 
3.8 
3.7 
3.7 
4.0 
3.8 
3.8 
3.6 
3.7 
3.8 
3.6 
3.7 
3.7 
3.8 
3.8 
3.6 
3.6 
3.6 
3.8 
3.8 

Vegetable Ingestion 
GM (Svlvearl GSD 

3. i E -  14 
3.2E-14 
2.5E-13 
3.7E-12 
1.3E-12 
l.lE-12 
1.9E.12 
2.9E-12 
1.7E-12 
9.1E-13 
1.2E-12 
7.4E-13 
7.5E-13 
8.8E-13 
4.5E-13 
6.5€-.13 
2.5E-13 
3.OE- 13 
2.2E-13 
6.9E-14 

1.7E-13 
1.lE-13 

1.7E-13 
1.2E-13 
1.4E-13 
1.5E-13 
9.5E-14 
1.2E-13 
1.1E-13 

' l.lE-13 
1.4E-13 
1.4E-13 
8.8E- 14 

7.4E-14 
1 .OE-13 

6.2E.14 
7.6E- 14 

4.1 
3.8 
3.9 
3.7 
3.7 
3.3 
3.7 
3.8 
3.5 
3.7 
3.7 
3.6 
3.4 
3.3 
3.6 
3.8 
3.4 
3.3 
3.1 
3.4 
3.3 
3.1 
3.3 
3.2 
3.2 
3.1 
3.3 
3.3 
3.2 
3.3 
3.4 
3.2 
3.1 
3.1 
3.4 
3.6 
3.3 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM (Svlyear) GSD 

1.2E-16 
2.6E-16 
1.3E-15 
1.5E-14 
2.2E-14 
2.7E-14 
3.6E-14 
4.9E-14 
5.7E-14 
6.1E-14 
6.6E-14 
7.OE.14 
7.3E-14 
7.6E-14 
7.8E-14 
8.1E-14 
8.2E- 14 
8.3E.14 
8.3E- 14 
8.3E-14 
8.4E-14 
8.4E-14 
8.4E-14 
8.5E- 14 
8.5E- 14 
8.5E-14 
8.6E-14 
8.6E-14 
8.6E-14 
8.6E-14 
8.7E-14 
8.7E-14 

E . ? € -  14 
8.7E-14 

8.76-14 

8.7E- 14 

8.7E- 14 

2.6 
2.2 
2.3 
2.4 
2.2 
2.2 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.9 

Immersion 
GSD GM (Svlyear) 

8.7E-21 
8.7E-21 
6.9E-20 
1.OE-18 
3.5E-19 
2.9E-19 
5.1E-19 
8.OE-19 
4.56-19 
2.3E-19 
3.1E-19 
1.8E-19 
1.8E-19 
2.26-19 
1.OE-19 
1.5E-19 
4.7E-20 
6.OE-20 
3.8E-20 
3.8E-21 
1.2E-20 
2.5E-20 
2.66-20 
1.5520 
2.OE-20 
1.9E-20 
8.7E-21 
1.4E-20 
1.2E-20 
1 .2E.20 
1.9E-20 
1.9E-20 
7.2E-21 
1 .0€-20 
4.3E-21 
2.5E-21 
4.9E-21 

2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2 .2  
2.2 1 
2.3 1 
2.3 I 
2.2 I 

2.3 1 

2.3 1 
1 2.3 

2.2 I 

2.2 ' 
2.2 1 
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Pathway-Specific Dosea Ansociatad whh Routlne Alrbome Rdease of Enriched Uranium Icontinwdl 
Denver 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
G M  (Svlyearl GSD 

4.2E.17 4.8 
9.4E-17 4.3 
4.6E-16 4.4 
5.6E-15 4 .6  
7.9E-15 4.5 
9.8E-15 4.3 
1.3E-14 4.3 
1 .BE-14 4.3 
2.1 E-14 4.2 
2.2E-14 4.1 
2.4E-14 4.0 
2.5E-14 4.2 
2.6E-14 4.3 
2.8E-14 4.2 
2.8E-14 4.2 
2.9E.14 4.4 
3.OE-14 3.9 
3.OE-14 4.0 
3.OE-14 4 .O 
3.OE-14 4.3 
3.OE-14 4.2 
3.1E-14 4.0 
3.1E-14 4.1 
3.1E-14 3.7 
3.1 E-14 4.2 
3.1E-14 4.1 
3.1E-14 4.1 
3.1E-14 4.2 
3.1 E-1 4 4.1 
3.1E-14 4.2 
3.1E-14 4.2 
3.2E.14 4 .0  
3.2E-14 4.0 
3.2E-14 4.2 
3.2E.14 4.0 
3.2E-14 4.3 
3.2E.14 4.1 

Milk Ingestion 
G M  (Svlyear) GSD 

1.3E-14 
1.5E-14 
1.1 E-1 3 
1.6E-12 
7.OE-13 
6.3E-13 
1.OE-12 
1.5E.12 
1 .1E-l2 
7.8E-13 
9.4E-13 
7.5E-13 
7.6E.13 
8.6E-13 
6.6E- 13 
7.7E-13 
5.6E-13 
6.OE-13 
5.5E-13 
4.7E-13 
4.9E-13 
5.3E-13 
5.3E.13 
5.1 E - 1  3 
5.2E-13 
5.2E-13 
4.9E-13 
5.1E-13 
5.OE-13 
5.1 E-1 3 
5.3E-13 
5.3E-13 
5.OE-13 
5.1E-13 
4.9E.13 
4.9E-13 
4.9E-13 

5.4 
5.4 
5.2 
5.3 
5.5 
4.8 
4.7 
4.7 
4.8 
4.9 
4.8 
4.4 
4.5 
4.6 
4.5 
4.7 
4.6 
4.3 
4.2 
4.7 
4.4 
4.7 
4.4 
4.7 
4.6 
5.1 
4.5 
4.7 
4.4 
4.3 
4.6 
4.8 
4.5 
4.6 
4.3 
5.1 
4.7 

Beef Ingestion 
G M  ISvlyear) GSD 

3.8E-15 4.8 
4.1E.15 4.8 
3.1E.14 4.9 
4.5E.13 4.8 
2.OE-13 4.4 
1.8E-13 4.1 
2.9E.13 4.4 
4.3E-13 4.8 
3.OE- 13 4.4 
2.1E-13 4.3 
2.6E.13 3.9 
2.OE.13 4.1 
2.1E-13 4.3 
2.3E.13 3.8 
1.8E-13 4.3 
2.1 E. 13 4.1 
1.5E-13 4.5 
1.6E-13 4.2 
1.5E-13 4.3 
1.2E-13 4.5 
1.3E.13 4.4 
1.4E-13 4.1 
1.4E.13 4.0 
1.3E-13 4.4 
1.4E-13 4.3 
1.4E-13 4.3 
1.3E-13 4.0 
1.3E-13 4.2 
1.3E-13 4.3 
1.3E-13 4.3 
1.4E.13 4.2 
1.4E-13 4.5 
1.3E-13 4.3 
1.3E-13 ' 4.4 
1.3E- 13 4.5 
1.3E-13 4.4 
1.3E.13 4.5 

IOTES: 
1 E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 

2) G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

2.1 E.15 3.8 
4.6E-15 3.8 
2.2E-14 3.5 
2.7E-13 3.8 
3.8E-13 3.8 

3.3 6.3E-13 
8.7E-13 3.1 
1.OE-12 3.2 
1.lE-12 3.2 
1.2E.12 3.2 

3.2 1.2E.12 
1.3E-12 3.1 
1.451 2 3.1 
1.4E-12 3.2 
1.4E-12 3.0 
1.4E-12 3.2 
1.5E-12 3.2 
1 X . 1 2  3.1 
1.5E.12 3.1 
1.5E-12 3.0 
1.5E-12 3.1 
1.5E-12 3.1 
1.5E-12 3.3 
1.5E.12 2.9 
1.5E.12 3.1 
1.5E-12 3.0 
1.5E-12 3.2 
1.5E-12 3.2 
1 .X-12 3.1 . 
1.5E.12 3.1 
1.5E-12 3.1 
1.5E-12 3.2 
1.5E-12 3.0 
1.5E-12 3.0 
1.6E-12 3.3 
1.6E-12 3 .0  

4.7E.13 , 3.3 

Immersion in 
Resuspended Particulates 
G M  (Svlvear) GSD 

2.2E-24 2.9 
4.9E-24 3.0 
2.4E-23 2.9 
2.9E.22 3.0 
4.1 E.22 3.0 
5.1 E.22 2.7 
6.8E.22 2.6 
9.3E.22 2.6 
1.1 E.21 2.6 
1.2E.21 2.6 
1.3E-21 2.5 
1.3E-21 2.6 
1.4E-21 2.5 
1.5E-2 1 2.5 
1.5E-21 2.6 
1.5E-21 2.4 
1.5E-21 2.8 
1.6E-21 2.8 
1.6E-2 1 2.5 
1.6E-21 2.6 
1.6E-21 2.6 
1.6E-21 2.6 
1.6E.21 2.5 
1.6E-21 2.5 
1.'6E-21 . 2.4 
1.6E-21 2.5 
1.6E-21 2.4 
1.6E-21 2.5 
1.6E.21 2.5 
1.6E-2 1 2.6 
1.6E-21 2.5 
1 .6521 2.5 
1.6E-21 2.5 
1.7E-21 2.4 
1.7E-21 2.5 
1.7E.21 2.5 
1.7E.21 2.5 

Total Dose 
GM (Svlyear) CSQ 

8.3E-12 2.8 
8.3E-12 2.8 
6.6E-11 3.0 
9.6E-10 2.9 
3.4E-10 2.8 
2.8E-10 2.7 
4.9E- 10 2.8 
7.6E.10 2.8 
4.3E-10 2.8 
2.2E- 10 2.8 
3.OE-10 2.7 
1.8E-10 2.7 

2.7 1 .BE-lO 
2.1E-10 2.7 
1.OE.10 2.7 
1.6E-10 2.6 
5.1E-11 2.6 
6.3E-11 2.7 
4.2E-11 2.6 
8.2E-12 2.2 
1.6E-11 2.3 
3.OE-11 2.4 
3 .151 1 2.6 
2.061 1 2.4 
2.4E-11 2.5 
2.4E.1 1 2.5 
1.3E-11 2.3 
1.9E-11 2.4 
1.6E-11 2.4 
1.6E-11 2.4 
2.4E-11 2.5 
2.4E.11 2.5 
1.2E-11 2.3 
1.5E.11 2.3 
E.9E-12 2.2 
6.9E-12 2.3 
9.5E.12 2.2 
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Psthwmy-Spodk Doseer Assodated with Routlne Airborne Rsbme 01 Endched Uranium 
Lakewood 
(1953 - 1989) - 

Year 

1953 
1.954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

1 . O E - 1 1  2.8 
1 .OE- 1 1 2.9 
8.1E-11 2.3 
1.2E-09 2.8 
4.1 E - 1 0  2.9 
3.4€-10 2.9 
5.9E- 10 2.9 
9.3E-10 2.8 
5.2E-10 3.0 
2.7E-10 2.9 
3.6E-10 2.8 
2.1E-10 2.9 
2.1 E - 1 0  2.8 
2.5E- 10' 2.7 
1.2E-10 2.9 
1.8E-10 2.8 
5.LE-11 2.7 
7.OE-11 2.7 
4.5E-11 2.8 
4.451 2 2.7 
1.4E-11 3.0 

1 3.OE-11 2.9 
' 3.OE-11 2.8 

1.8E-11 2.9 
2.3E-11 3.0 

~ 2.3E-11 2.7 
1 .OE- 1 1 2.9 
1.7E-11 2.8 
1.4E-11 2.9 
1.4E-11 2.8 
2.2E-11 3.0 
2.2E-11 2.9 
8.5E-12 2.9 
1.2E-11 2.9 
5.1 E - 1  2 2.9 
2.9E-12 3.0 
5.8E-12 2.9 

, 

Soil Ingestion 
GM (Svlyearl GSD 

3.OE-16 4.3 
6.7E-16 4.0 
3.3E-15 4.1 
3.9E-14 4.3 
5.6E-14 4.1 
6.9E-14 3.8 
9.1E-14 3.8 
1.3E-13 4.0 
1.551 3 3.7 
1.6E-13 3.1 
1.7613 3.6 
1.8E-13 3.7 
1.9E-13 3.8 
2.0513 3.8 
2.OE-13 3.6 
2.1E-13 3.7 
2.1E-13 3.6 
2.lE-13 3.7 

3.6 2.1 E-1 3 
2.1E-13 3.6 

3.8 2.1E-13 
2.2E-13 3.5 
2.2E-13 3.7 
2.2E-13 3.8 
2.2E-13 3.8 
2.2E-13 3.8 
2.2E.13 3.9 
2.2E-13 3.8 
2.2E-13 4.0 
2.2E-13 ' 3.9 
2.2E-13 3.7 
2.2E-13 3.9 
2.2E-13 3.8 
2.2E-13 3.7 
2.2E-13 3.8 
2.2E-13 3.8 
2.2E-13 3.8 

Vegetable Ingestion 
GM ISvlyearI GSD 

3.9E- 14 3.9 
3.9E-14 3.8 
3.1E-13 3.9 
4.6E-12 3.9 
1.6E-12 3.7 
1.4E-12 3.8 
2.3E-12 4.1 
3.7E-12 3.7 
2.1E-12 3.4 
1.1E-12 3.8 
1.5E-12 3.7 
9.2E-13 3.5 
9.2E-13 3.8 
1.1E-12 3.9 
5.7E-13 -3.4 
8.1E-13 3.6 
3.1E-13 3.2 
3.8E-13 3.3 
2.7E-13 3.4 
8.4E-14 3.5 
1.3E-13 3.3 
2.1E-13 3.2 
2.1 E - 1  3 3.3 
1.5E-13 3.2 
1 BE- 13 3.3 
1.8E-13 3.3 
1.2E-13 3.3 
1.5E-13 3.1 
1.4E-13 3.3 
1.4E-13 3.3 
1.8E-13 3.3 
1.8E-13 3.4 
1 . 1  E - 1  3 3.4 
1.3E-13 3.3 
9.3E- 14 3.7 
7.8E-14 3.1 
9.8E-14 ' 3.5 

NOTES: 
1 1  E - 0 1  is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100rem 

Ground Exposure 
GM (Svlyearl . GSD 

1.4E-16 2.6 
3.3E-16 2.2 
1.6E-15 2.3 
1.9E-14 2.4 
2.7E-14 2.2 
3.3E- 14 2.1 
4.4E-14 2.0 
6.1E-14 1.9 
7.1514 1.9 
7.6E-14 1.9 
8.3E-14 1.9 
8.7E-14 1.9 
9.1E-14 1.9 
9.5E-14 1.9 
9.8E-14 1.9 
1 .OE-l3 1.9 
1.OE-13 1.9 
1 .OE-l3 1.9 
1.OE-13 1.9 
1.OE-13 1.9 
1.OE-13 1.9 
1.1E-13 1.9 
1 . 1  E-13 1.9 
l . lE-13 1.9 
l . lE-13 1.9 
1.1E-13 1.9 
1.1E-13 1.9 
1.1E-13 1.9 
l . lE-13 1.9 
l . lE-13 1.9 
l.lE-13 1.9 
l.lE-13 1.9 
1.1E-13 1.9 
l . lE-13 1.9 
1.1E-13 1.9 
1.1E-13 1.9 
l . lE-13 1.9 

Immersion 
GM Ibvlyearl GSD 

1 . 1  E-20 2.2 
1 . 1  E-20 2.2 
8.7E-20 2.2 
1.3E-18 2.2 
4.4E-19 2.2 
3.6E-19 2.2 
6.3E-19 2.3 
9.9E-19 2.3 
5.6E-19 2.3 
2.9E- 19 2.2 
3.9E-19 2.2 
2 . 3 5  19 2.2 
2.3E-19 2.3 
2.7E-19 2.2 
1.3E-19 2.2 
1 . 9 E - 1 9  2.2 
5.9E-20 2.3 
7.5E-20 2.3 
4.8E-20 2.2 
4.7E-2 1 2.3 
1.4E-20 2.3 
3.2E-20 2.3 
3.2E-20 2.2 
1.9E-20 2.2 
2.4E-20 2.2 
2.4E-20 2.2 
l . lE-20 2.3 
1.8E-20 2.3 
1.4E-20 2.2 
1.4E-20 2.2 
2.3E-20 2.3 
2.4E.20 2.2 
9.OE-21 2.2 
1.3E-20 2.2 
5.4E-21 2 .2  
3.1E.21 2.. 2 
6.1 E-21 2 .2  
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Pathway-SpedRc Doses Associated wlth Routine Alrborne Releare of Enrlched Uranium lcoatlnued) 
Lakewood 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1968 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

5.3E-17 4.8 
1.2E-16 4.1 
5.8E-10 4.3 
7.OE-15 4.4 
9.9E-15 4 .3  
1.2E-14 4.2 
1.6E-14 4.3 
2.2E-14 4.0 
2.6E- 14 4.4 
2.8E-14 4.2 
3.OE-14 4.1 
3.2E- 14 4.1 
3.3E-14 4.0 
3.5E.14 4.0 
3.6E-14 4.2 
3.6E-14 4.1 
3.7E-14 4.0 
3.7E-14 4.2 
3.8E-14 3.9 
3.8E- 14 4 . 0  

' .3.8E-14 4.2 
3.8E-14 4.1 
3.8E-14 3.9 
3.8E-14 4.0 
3.9E-14 4.4 
3.9E-14 4.2 

3.9E-14 4.5 
3.9E-14 4.2 
3.9E-14 4.1 
3.9E- 14 4.0 
3.9E-14 4 . 0  

4.OE-14 4.2 
4.OE-14 4.2 
4.OE-14 3.7 
4.OE-14 4.3 

3.9E114 4.3 

3.9E-14 . 3.9 

Milk Ingestion 
GM (Svlyear) GSD 

1.7E-14 
1.8E.14 
1.4E-13 
2.OE-12 
8.7E-13 
8.1E-13 
1.3E-12 
2.OE-12 
1.4E-12 
9.7E-13 
1.251 2 
9.4E- 13 
9.6E-13 
1.1E.12 
8.1 (-13 
9.6E-13 
7.OE-13 
7.6E-13 
6.9E-13. 
5.8E-13 
6.2E-13. 
6.5E-13 
6.7E-13 
6.4E-13 
6.5E-13 
6.56-13 
6.2E-13 
6.4E-13 
6.3E-13 
6.3E-13 
6.6E-13 
6.6E-13 
6.2E-13 
6.4E-13 
6.1 E.13 
6.1E-13 
6.2E-13 

5.8 
5.0 
5.5 
5.1 
4.8 
4.6 
4.8 
4.8 
4.7 
4.9 
4.4 
4.1 
4.5 
4.3 
4.2 
4.7 
4.6 
4.3 
4.3 
4.9 
4.4 
4.5 
4.7 
4.5 
4.2 
4.7 
4.6 
4.7 
4.3 
4.4 
4.6 
4.4 
4.4 
4 .6  

4.8 
4.5 

4.8 

Beef Ingestion 
GM ISvlyear) GSD 

4.7E-15 ' 4 . 9  
5.1E-15 4.8 
3.9E-14 4.4 
5.6E-13 5.1 
2.4E-13 4.4 
2.3E-13 4.5 
3.6E- 13 4.5 
5.5E-13 4.2 
3.9E-13 4.2 
2.7E-13 4.2 
3.3E-13 4.5 
2.6E-13 4.4 
2.6E-13 3.9 
3.OE.13 4.1 
2.2E-13 4.0 
2.6E.13 4.3 
1.9E-13 3.9 
2.OE-13 4.3 
1.8E-13 4.3 
1.5E-13 4.4 
1.6E-13 4.4 
1.7E.13 4.3 
1.8E-13 4.2 
1.7E-13 4.2 
1.7E-13 4.4 
1.7E-13 4.2 
1.6E-13 4.1 
1.7E-13 4.3 
1.7E.13 4 .0  
1.7E.13 4.2 
1.7E-13 4.2 
1.7E-13 4.6 
1.6E-13 4.4 
1.7E-13 4.5 
1.6E-13 4.3 
1.6E-13 4.3 
1.6E-I3 4.0 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the vatue divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD ='Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100rem 
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Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

2.6E.15 3.7 
5.8E-15 3.5 
2.8E-14 3.5 
3.4E-13 3.7 
4.8E-13 3.5 
6.OE-13 3.4 
7.9E-13 3.3 
1.1 E-1 2 3.0 
1.3E-12 3.2 
1.3E-12 3.2 
1.5E-12 3.3 
1.5E-12 3.1 
1.6E.12 3.2 
1.751 2 3.1 
1.7E-12 3.1 
1.8E-12 3.0 
1.8E-12 3.1 
1.8E.12 3.2 
1.9E-12 3 .0  
1.8E-12 3.0 
1 .8E-l2 3.2 
1.9E-12 3.1 
1.9E-12 3.1 
1.9E- 12 3.2 
1.9E-12 3.1 
1.9E-12 3.1 
1.9E-12 3.0 
1.9E-12 3.1 
1.9E-12 3.1 
1.9E-12 3.2 
1.9E-12 3.1 
1.9E.12 3.3 
1.9E-12 3.2 
1.9E.12 3.3 
1.9E-12 3.1 
1.9E-12 3.2 
1.9E-12 2.9 

Immersion in 
Resuspended Particulates 
GM Ibvlyear) GSD 

2.7E-24 3.0 
6.2E-24 2.9 
3.0E-23 3.0 
3.6E-22 2.9 
5.2E-22 2.8 
6.46-22 2.7 
8.46-22 2.0 
1.2E-21 2.6 
1.3E-21 2.5 
1.4E-21 2.0 
1.6E-21 2.6 
1.6E-21 2.5 
1.7E-21 2.5 
1.8E-21 2.5 
1 .8E-21 2.4 
1.9E-21 2.5 
1.9E-2 1 2.6 
2.OE-21 2.6 
2.OE-21 2.6 
2.OE-21 2.5 
2.OE-21 2.5 
2.OE-21 2.5 
2.OE-21 2.4 
2.OE-21 2.5 
2.OE-21 2.5 
2.OE-21 2.4 
2.OE-21 2.4 
2.OE-21 2.5 
2.OE-2 1 2.4 
2.OE-21 2.6 
2.OE-21 2.4 
2.1E-21 2.5 
2.1E-21 2.5 
2.1 E-21 2.5 
2.1E-21 2.5 
2.1E-21 2.5 
2.lE-21 2.5 

Total Dose 
GM ISvlyear) GSD 

1 .OE-ll 2.7 
1.OE-11 2.8 
8.3E-11 2.7 
1.2E-09 2.7 
4.2E.10 2.9 
3.5E-10 2.8 
6.1 E-10 2.9 

2.7 9.5E-10 
5.4E-10 2.9 
2.8E-10 2.8 
3.8E- 10 2.7 
2.2E-10 2.8 
2.2E-10 2.7 
2.6E- 10 2.7 
1.3E-10 2.7 
1.9E-10 2.7 
6.3E-11 2.5 
7.9E-11 2.5 
5.3E.11 2.6 
1 .OE-1 1 2.1 
2.OE-11 2.4 
3.7E-11 2.5 
3.8E-11 2.5 
2.5E-11 2.4 
3.OE-11 2.6 
3.OE-11 2.4 
1.7E-11 2.3 
2.4E.11 2.4 
2.OE-11 2.3 
2.OE-11 2.3 
2.9E-11 2.5 
3.05 1 1 2.5 
1.5E-11 2.3 
1.9E-11 2.3 
1.1E.11 2 .2  
8.5E.12 2.3 
1.2E-11 2.2 



I 
Pathw.r-Spsdfk Dose8 Assodatad with Aoutfne Airborne Relesre of Enriched Uranium 
Longmont 
(1953 - 19891 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1908 
1989 - 

Inhalation 
G M  (Svlyear) GSD 

3.4E-12 
3.4E- 12 
2.7E-11 
4.OE-10 
1.4E-10 
l.lE-10 
2 .OE- 10 
3.1E-10 
1.8E.10 
9.1E-11 
1.2E-10 
7.E-11 
7.1E-11 
8.6E-11 
4.OE-11 
6.OE-11 
1.9E-11 
2.4E-11 
1.5E-11 
1.5E-12 
4.6€-'12 
1.OE-11 
1 .OE-1 1 
6.OE-12 
7.7E-12 
7.7E-12 
3.4E-12 
5.7E-12 
4.6€-.1 2 
4.6E-12 
7.4E-12 
7.4E-12 
2.9E-12 
4.OE-12 
1.7E-12 
9.7E-13 
1.9E-12 

2.8 
2.8 
2.7 
2.0 
2.9 
2.9 
2.7 
3.0 
2.8 
2.9 
2.8 
2.8 
2.8 
2.9 
2.9 
3.0 
2.9 
2.7 
2.9 
2.8 
2.9 
2.8 
2.9 
2.8 
2.8 
2.9 
2.8 
2.9 
2.8 
2.8 
2.8 
2.9 
2.9 
2.8 
2.8 
3.0 
2.8 

Soil Ingestion 
GM (Svlyear) GSD 

1.OE-16 
2.2E-16 
1.1515 
1.3E-14 

2.3E-14 
1.9E-14 

3.1E-14 
4.2E- 14 
4.9E-14 
5.3E-14 
5.8E-Q4 
6.OE-14 
6.3E-14 
6.6E-14 
6.6E-14 
7.OE-14 

7.2E-14. 
7.1E-14 

7.2E-14 
7.2E-14 
7.2E- 14 
7.3E-14 
7.3E-14 
7.4E-14 
7.4E-14 
7.4E-14 
7.4E-14 

7.5E-14 
7.5E-14 

7.5E-14 

7.6E-14 
7.6E-14 
7.5E-14 

7.4E-14 

7.5E-14 

7.6E-14 

7.6E- 14 

4.3 
4.1 
4.1 
4.2 
4.1 
4.0 
4.0 
4.1 
3.8 
4.0 
3.7 
4.0 
3.8 
3.5 
4.0 
3.8 
3.7 
3.7 
3.5 
3.7 
3.8 
3.8 
3.6 
3.6 
3.6 
3.9 
3.5 
4.0 
3.6 
4.0 
4.0 
3.6 
3.6 
3.8 
3.9 
3.8 
3.7 

Vegetable Ingestion 
GM (Svlyear) GSD 

1 . 3 - 1 4  
1.X-14 
l . lE- I3  
1.5E-12 
5.5E-13 
4.6E-13 
7.9E-13 
1.2E-12 
7.1E-13 
3.8E-13 
5.1 E-1 3 
3.1 E-1 3 
3.1 E-1 3 

1.9E-13 

1.OE-13 

3.7E-13 

2.7E-13 

1.3E-13 
9.3E.14 
2.8E-14 
4.5E-14 
7.1 E-1 4 
7.1E-14 
5.4E-14 
6.OE-14 
6.OE-14 
4.OE-14 
5.2E- 14 
4.6E-14 
4.5E-14 
6.OE.14 
5.9E-14 
3.7E-14 
4.4E-14 
3.1E-14 
2.7E- 14 
3.2E-14 

3.7 
3.8 
3.9 
3.7 
3.8 
3.7 
3.6 
3.6 
3.6 
3.4 
3.6 
3.5 
3.7 
3.7 
3.3 
3.6 
3.3 
3.3 
3.4 
3.5 
3.1 
3.1 
3.4 
3.1 
3.2 
3.1 
3.4 
3.1 
3.6 
3.3 
3.3 
3.2 
3.5 
3.2 
3.4 
3.5 
3.3 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the Sam0 as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Ground Exposure 
GM ISvlyear) GSD 

4.9E-17 
1.1E-16 
5.3E-16 
6.5E-15 
9.2E-15 
l.lE-14 
1.5E-14 
2.1E-14 
2.4E-14 
2.66-14 
2.8E-14 
2.9E-14 
3.1E-14 
3.2E-14 
3.36-14 
3.4E-14 
3.4E-14 
3.5E-14 
3.5E-14 
3.5E-14 
3.5E-14 
'3.5E-14 
3.6E-14 
3.6E- 14 
3.6E- 14 
3.6E-14 
3.6E-14 
3.6E-14 
3.6E-14 
3.6E-14 
3.7E-14 
3.7E- 14 
3.7E-14 
3.7E-14 
3.7E-14 
3.7E. 14 
3.7E- 14 

2.5 
2.1 
2.3 
2.4 
2.3 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

3.6E-21 
3.7E-21 
2.9E-20 
4.3E-19 
1.5E-19 
1.2519 
2.1 E-19 
3.3E-19 
1.9E-19 
9.7E-20 
1.36-19 
7.6E-20 
7.6E-20 
9.1 E-20 
4.3E-20 
6.4E-20 
2.OE-20 
2.5E-20 
1.6E-20 
1.S-21 
4.9E-21 
1.1 E-20 
1.1E-20 
6.4E-21 
8.2E-21 
8.2E-21 

: 3.7E-21 
8.1 E-21 
4.9E-21 
4.9E-21 
7.9E-21 
7.9E-21 
3.OE-21 
4.X-21 
1.8E-21 
1 .OE-21 
2.1 E.21 

, 
Immersion I 

GM ISvlyear) GSD 1 

I 

2.2 1 
2.2 1 
2.2 I 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 

I 
I 
I 
1 

I 

I 

I 
I 

1 
1 I I 
I 

I 

I 
I 

I 
I 
I 

! 



Longmont 
(1953. 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
G M  (Svlyear) GSD 

1.8E-17 
4.OE-17 
1.9E-16 
2.4E-15 
3.3E-15 
4.1E-15 
5.5E-15 
7.5E- 15 
8.7E-15 
9.3E-15 
.1 .OE-14 
1.1E.14 
1.1 E-14 
1.2E.14 
1.2E-14 
1.2E-14 
1.3E-14 
1.3E.14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E-14 
1.3E.14 
1.3E-14 
1.3E.14 
1.3E-14 
1.3E-14 

4.6 
4.3 
4.6 
4.8 
4.2 
4.3 
3.8 
4.0 
4.3 
4.1 
4.0 
4.0 
4.2 
4.3 
4.2 
4.2 
4.1 
4.1 
4.1 
4.2 
4.1 
4.0 
4.3 
4.1 
4.0 
4.1 
4.0 
4.1 
4.2 
4.2 
4.2 
4.4 
4.0 
3.8 
4.2 
4 . 0  
4.0 

Milt Ingestion 
G M  (Svlyear) GSD 

5.6E.15 
6.2E-15 
4.6E-14 
6.6E-13 
2.9E-13 
2.7E.13 
4.3E-13 
6.5E-13 
4.6E-13 
3.3E.13 
4.OE-13 
3.1 E-1 3 
3.2E-13 
3.6E-13 
2.7E-13 
3.3E-13 
2.4E.13 
2.5E.13 
2.4E-13 
2.OE-13 
2.1 E-1 3 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.1E-13 
2.1 E-1 3 
2.1 E-1 3 
2.lE-13 
2.2E-13 
2.2E-13 
2.1E-13 
2.1 E-1 3 
2.1E-13 
2.OE-13 
2.1E-13 

5.4 
4 .6  
5.3 
4.7 
4.9 
5.1 
4.6 
5 . 0  
4.9 
4.5 
4.8 
4.4 
4.5 
4.4 
4.3 
4.5 
4.5 
4.3 
4.6 
4.7 
4.6 
4.6 
4.4 
4.7 
4.6 
4 .4  
4.5 
4.5 
4.5 
4.5 
4.9 
4.5 
4.7 
4.3 
4.5 
4.7 
4.5 

Beef Ingestion 
G M  (Svlyear) GSD 

1.6E-15 
1.7E-15 
1.3E-14 
1.9E-13 
8.3E-14 
7.6E-14 
1.2E.13 
1.8E.13 
1.3E-13 
9.1E-14 
l . lE.13 
8.6E-14 
9.OE-14 
9.9E.14 
7.5E.14 
8 .BE. 14 
6.3E-14 
6.8E- 14 
6.3E. 14 
5 . 2 6  14 
5.4E.14 
5.9E.14 
6.OE- 14 
5.7E- 14 
5.8E-14 
5.8E-14 
5.5E-14 
5.7E.14 
5.6E-14 
5.6E-14 
5.9E-14 
5.9E.14 
5.5E-14 
5.6E-14 
5.4E- 14 
5.3E-14 
5.5E-14 

5.3 
4.7 
4.7 
4.8 
4.8 
4.6 
4.5 
4.5 
4.0 
4.1 
4.3 
3.9 
4.4 
4.2 
4.2 
4.3 
3.9 
4.2 
4.4 
4.4 
4.1 
4.2 
3.9 
4.4 
4 . 0  
4.4 
4.5 
4.4 
3.8 
4.3 
4.2 
4.8 
4.5 
4.4 
4.5 
4.1 
4.4 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 1W; etc. 
2) G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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inhalation of 
Resuspended Particulates 
G M  (Svlyearl GSD 

8.7E-16 
1.9E.15 
9.5E-15 
1 .2E-l3. 
1.6E-13 
2.OE-13 
2.7E-13 
3.7E-13 
4.3E-13 
4.6E-13 
5.OE-13 
5.2E-13 
5.4E-13 
5.7E.13 
5.8E.13 
6.OE-13 
6.lE-13 
6.2E-13 
6:2E-13 
6.2E-13 
6.2E-13 
6.3E-13 
6.3E-13 
6.3E.13 
6.4E-13 
6.4E-13 
6.4E-13 
6.4E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.5E-13 
6.6E-13 

3.9 
3.3 
3.'. 
3.5 
3.5 
3.3 
3.3 
3.3 
2.9 
3.1 
3.3 
3.1 
3.0 
3.2 
3.3 
3 .O 
3.2 
3.0 
3.2 
3.1 
3.2 
3.3 
3.3 
3.2 
3.0 
3.3 
3.2 
3.1 
3.1 
3.2 
3.2 
3.2 
3.1 
3.2 
3.0 
3.3 
3.0 

immersion in 
Resuspended Particulates , 
G M  (Sv/year) GSD 

9 . N - 2 5  
2.1E-24 
1 .OE-23 
1.2E.22 
1.7E-22 
2.2E-22 
2.8E-22 
3.9E-22 
4.6E-22 
4.9E-22 
5.3E-22 
5.6E-22 
5.8E-22 
6.1 E-22 
6.2E-22 
6.4E-22 
6.5E-22 
6.6E-22 
8.7E-22 
6.7E-22 
6.7E-22 
6.7E-22 

.6.8E-22 
6.8E-22 
6.8E-22 
6.8E-22 
6.8E-22 
6.9E-22 
6.9E.22 
6.9E-22 
6.96-22 
6.9E-22 
7.0E-22 
7.0E-22 
7.0E-22 
7.0E-22 
7.0E-22 

3.2 
2.8 
2.8 
2.9 
2.9 
2.7 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.4 
2.5 
2.7 
2.5 
2.7 
2.4 
2.6 
2.5 
2.5 
2.7 
2.5 
2.8 
2.5 
2.5 
2.6 
2.6 
2.8 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

Total Dose 
GM (Svlyear) GSD 

3.5E-12 
3.5E-12 
2.BE.11 
4.lE-10 
1.4E-10 
1.2E-10 
2.OE-10 
3.2E-10 
1.8E-10 
9.5E-11 
1.3E-10 
7.5E-11 
7.5E-11 
9.OE-11 
4.3E.11 
6.4E-11 
2.1E-11 
2.7E-11 
1.8E-11 
3.4E-12 
6.8E-12 

1.3E-11 
8.4E-12 
1.OE-11 
1.OE-11 
5.7E-12 
8.1E-12 
6.9E-12 
6.8E-12 
9.9E-12 
1 .OE-1 1 

1.3E-11 

5.lE-12 
6.2E.12 
3.8E.12 
2.9E-12 
4.OE.12 

2.8 
2.8 
2.7 
2.8 
2.9 
2.8 
2.7 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.8 
2.7 
2.9 
2.6 
2.5 
2.6 
2.2 
2.4 
2.4 
2.5 
2.4 
2.4 
2.5 
2.2 
2.4 
2.4 
2.4 
2.4 
2.4 
2.3 
2.4 
2.1 
2.3 
2.2 



1 

PATHWAY-SPECIFIC DOSES ASSOCIATED 

OF PLuTONTUM-239/240 
WITH ROUTINE AIRBORNE RELEASE 



Pathway-SpeclRc Doaea Aasodsted with Routine Airborne Robme of p(ulonlum-2391240 
Sector 1 
11953.19891 - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
G M  ISvlyeart GSD 

3.3E- 11 
1.1 E-09 
1.2E-09 
3.9E-09 
2.5E-07 
5.1 E-08 
2.2E-08 
2.2E-08 
2.5E-08 
5.1 E-08 
6.1 E.08 
4.7E.08 
1.1 E-07 
5.3E-09 
6.7E-09 
8.1 E-09 
2.2E-08 
6.2E-09 
1 .ZE-09 
1 .OE-09 
1 .OE-09 
1.9E-08 
2.OE-10 
8.1E-11 
8.1E-11 
5.6E-11 
1.1 E-10 
2.5E-10 
1.7E-10 
4.OE- 1 0  
1.6E-09 
1.6E-09 
1.9E-10 
5.9E-10 
3.1 E-10 
3.1E-10 
9.2E-11 

2.2 
2 .2  
2.3  
2.1 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2 .3  
2.3 
2.3 
2.2  
2.2 
2.2 
2.2 
2.2 
2.2 
2 .2  
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 

Soil Ingestion 
G M  ISvlyeart GSD 

4.OE-15 3.9 
1.4E-13 3.8 
3.2E-13 3.6 
8.6E.13 3.6 
3.2E-11 4 .O 
4.1E-11 3.6 
4.5E-11 3.6 
4.8E-11 3.4 
5.3E-11 3.4 
6.1E-11 3.4 
7.1E-11 3.3 
7.9E.11 3.4 
9.6E-11 3.2 
9.6E-11 3.3 
9.7E.11 3.4 
9.9E-11 3.2 
1.OE-10 3.2 
1.OE-10 3.1 
1.OE.10 3.2 
1 .OE-10 3.3 
1.OE-10 3.4 
l . lE-10 3.3 
l . lE-10 3.4 
l . lE-10 3.3 
l . lE-10 3.3 
l . lE-10 3.3 
l.1E-10 3.3 
l.lE.10 3.4 
1.1E-10 3.3 
1 . l  E.10 3.2 
l . lE-10 3.3 
l . lE-10 3.3 
1.1E-10 3.5 
l.lE.10 3.2 
l.lE.10 3.2 
l . lE-10 . 3.4 
l . lE-10  3.3 

Vegetable Ingestion 
GM ISvlyeart GSD 

5.2E-13 
1.7E-11 
1.9E-11 
6.3E.11 
4.OE-09 
8.3E-10 
3.5E-10 
3.6E.10 
4.1E-10 
8.3E-10 
9.6E-10 
7.6E-10 
1.7E.09 
9.4E-11 
1.2E-10 
1.4E-10 
3.6E-1? 
1.lE-10 
2.6E-11 
2.3E-11 
2.3E.11 
3.1 E-10 
7.1E-12 
4.4E-12 
4.3E-12 
3.8E-12 
5.1E-12 
8.4E-12 
6.4E-12 
1.lE-11 
3.2E.11 
3.2E-11 
7.OE. 12 
1.5E-11 
9.5E-12 
9.3E-12 
4.7E-12 

3.3 
3.3 
3.4 
3.2 
3.4 
3.4 
3.3 
3.2 
3.4 
3.2 
3.1 
3.3 
3.3 
3 .O 
3.1 
3.2 
3.4 
3.2,  
3.3 
3.1 
3.0 
3.2 
3.8 
4.4 
4.0 
4.4 
3.8 
3.4 
3.7 
3.4 
3.3 
3.0 
3.4 
3.4 
3.4 
3.5 
4.1 

Ground Exposure 
GM'lSvlyear) GSD 

5.5E.17 
1.9E.15 
4.3E.15 
1.2E-14 
4.3E-13 
5.6E-13 
6.1E.13 
6.6E-13 
7.2E-13 
8.4E-13 
9.7E-13 
1.1E.12 
1.3E-12 
1.3E-12 
1.3E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.4E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E-12 
1.5E.12 
1.5E-12 

. 1.5E-12 
1.5E-12 
1.5E-12 

2.6 
2.6 
2.3 
2.2 
2.7 
2.5 
2.5 
2.4 
2.3 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0  
2.1 
2.1 
2 .0  
2.1 

NOTES: 
1) E.01 is the same as the value divided by 10'; E-02 is the same as the value divided bv 10': etc 
21 G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

1 ot 2 

Immersion 
G M  ISvlveart GSD 

3.2E-21 
1.OE-19 
1.2E-19 
3.8E-19 
2.4E-17 
5.OE.18 
2.1 E- 18 
2.1E-18 
2.4E-18 
5.OE-18 
5.9E-18 
4.5E-18 
1.OE-17 
6.lE-19 
6.5E-19 
?.BE- 19 
2.1 E-1 8 
6.OE-19 
1.2E-19 
9.8E-20 
9.9 E. 2 0 
1.8E-18 
2.OE-20 
7.8E-21 
7.8E-21 
5.4E-21 
1.lE-20 
2.4E-20 
1 .7E-20 
3.9E-20 
1 s - 1 9  
1.5E-19 
1.8E-20 
5.7E.20 
3.OE-20 
3.0E.20 
8.96-21 

2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 



Pathway-Spodflc Doses A u d t e d  with Routine hrbome Reksse of #ulodum-239/240 lcontinwdl 
Sector 1 
11953 - 1989) 

Year Wheat Ingestion 
GM ISvlvearl GSD 

Milk Ingestion 
GM lSvlvearl GSD 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1967 
1988 
1989 

3.7E-17 
1.3E-15 
3.OE-15 
8.OE-15 
3.OE-13 
3.8E-13 
4.2E-13 
4.5E-13 
4.9E-13 
5.7E-13 
6.6E-13 
7.3E-13 
8.9E-13 
9.OE-13 
9.1E-13 
9.2E-13 
9.6E-13 
9.6E-13 
9.6E-13 
9.7E-13 
9.7E-13 
1.OE-12 
1.OE-12 
1 .OE-12 
1.OE-12 
1.OE-12 
1.OE-12 
1.OE-12 
1 .OE-12 
1.OE-12 
1 .OE-12 
1.OE-12 
1.OE-12 
1 .OE-l2 
1 .OE-12 
1.OE-12 
1.OE-12 

9.6 
8.7 
8.5 
9.3 
10.3 
9.2 
8.8 
9.0 
9.2 
8.9 
8.6 . 
8.4 
8.6 
8 .7  
8.3 
8.7 
8.5 
8.8 
9.0 
9.0 
8.9 
8.9 
8.6 
8.5 
8.5 
8.7 
8.7 
8.9 
8.5 
9.5 
8.9 
8.4 
8.6 
9.1 
9 .3  
8.8 
8.6 

3 .X-17  
1.2E-15 
1.5E-15 
4.7E-15 
2.8E-13 
8.2E-14 
5.2E- 14 
5.3E-14 
5.9E-14 
9.3E-14 
1.1E-13 
9.8E- 14 
1.8E-13 
5 3E.!4 
5.6E- 14 
5.8E- 14 
8.OE- 14 
5.7E-14 
4.8E-14 
4.8E-14 
4.8E-14 
7.8E-14 
4.8E-14 
4.7E-14 
4.7E-14 
4.7E- 14 
4.751 4 
4.8E-14 
4.8E-14 
4.8E-14 
5.1 E-1 4 
5.1E-14 
4.8E-14 
4.9E-14 
4.8E-14 
4.8E-14 
4.8E-14 

5.1 
5.0 
4.5 
4.5 
4.6 
4.6 
4.0 
4.3 
3.8 
4.3 
4.3 
4.4 
4.5 
4.2 
4.4 
3.9 
4.0 
4.3 
4.0 
4.3 
4.2 
3.8 
4.3 
4.3 
4.5 
4.3 
4.4 
4.4 
4.2 
4 .0  
4.2 

I 4.2 
4.3 
3.9 
4.3 

' 4.2 
4.3 

Beef Ingestion 
GM (Svlvearl GSD 

2.7E-16 
8.8E- 15 
l . lE-14 
3.4E-14 
2.1E-12 
5.9E-13 
3.6E-13 
3.7E- 13 
4.1 E-1 3 
6.6E- 13 
7.7E- 
7.OE- 
1.3E- 
3.6E- 
3.7E- 
3 . 9 5  
5.6E- 
3.9E- 
3.2E- 
3.2E- 
3.2E- 
5.4E- 
3.1E- 
3.1E- 
3.1E- 
3.1 E- 
3. l E- 
3.1 E- 
3. l E- 
3.2E- 
3.4E- 
3.4E- 
3.1E- 
3.2E. 

3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3.2E-13 
3.2E-13 
3.1E-13 

3.9 
4 .0  
4.2 
4.0 
4.1 
3.7 
3.4 
3.5 
3.5 
3.4 
3.6 
3.4 
3.6 
3.6 
3.4 
3.6 
3.5 
3.4 
3.7 
3.6 
3.7 
3.6 
3.6 
3.7 
3.5 
3.8 
3.9 
3.7 
3.5 
3.6 
3.6 
3.5 
3.6 
3.7 
3.7 
3.7 
3.7 

Inhalation of 
Resuspended Particulates 
GM ISvlvearI GSD 

8.X-15 
2.9E-13 
6.5E-13 
1 .8E. 12 
6.6E-11 
6.4E-11 
9.2E-11 
1 .OE-10 
1 . 1  E-10 
1.3E-10 
1.5E-10 
1.6E-10 
2.OE-10 
2.OE-10 
2.OE- 10 
2.OE. 10 
2.1E-10 
2.1 E- 10 
2.1 E - 1 0  
2.1E-10 
2.1E-10 
2.2E-10 
2.2E-10 
2.2E-10 
2.2E-10 
2. ZE- 10 
2.2E-10 
2.2E-10 
2.2E-10 
2 .  2E. 10 
2.2E-10 
2.2E-10 
2. 2E- 10 
2. ZE- 10 
2.2E-10 
2.2E-10 
2.2E-10 

3.1 
3.0 
2.9 
2.8 
3.0 
3.1 
2.9 
2.9 
2.7 
2.7 
2.7 
2.6 
2.7 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.7 
2.7 
2.4 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100rem 

Immersion in 
Resuspended Particulates 
GM ISvlvearl GSD 

8.0E-25 
2.8E-23 
6 .X-23  
1.7E-22 
6.4E-21 
8.1E-21 
8.9E-21 
9.7E-21 
1 . 1  E-20 
1.2E-20 
1.4E-20 
1.6E-20 
1.9E-20 
1.9E-20 
1.9E-20 
2.OE-20 
2.OE-20 
2.1 E-20 
2.1E-20 
2.1 E-20 
2.1 E-20 
2.1 E-20  
2.1 E-20 
2.1E-20 
2.1E-20 
2.1E-20 
2.1E-20 
2.1E-20 
2.1 E-20 
2.1E-20 
2.1 E-20 
2.1 E-20 
2.2E-20 
2:2E-20 
2.2E-20 
2.2E-20 
2.2E-20 

3.1 
3.2 
2.8 
2.8 
3.0 
3.0 
2.9 
2.9 
2.8 
2.8 
2.7 
2.6 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.4 
2.6 
2.5 
2.5 
2.6 

. .2.8 
2.7 
2.4 
2.5 
2.6 
2.6 
2.7 
2.5 
2.7 
2.5 
2.6 
2.6 
2.6 

3.4E-1 1 
1 . 1  E-09 
1 .2E-09 
4.OE-09 
2.5E-07 
5.3E-08 
2.3506 
2.3E-08 
2.6E-08 
5.3E-08 
6.3E-08 
4.8E-08 
1.1E-07 
6.OE-09 
7.5E-09 
8.9E-09 
2.3E-08 
7.OE-09 
1.8E-09 
1.S-09 
1.6E-09 
2.OE-08 
6.8E-10 
5.3E-10 
5.3E- 10 
4.9E-10 
5.7E-10 
7.5E-10 
6.4E-10 
9.3E- 10 
2.2E-09 
2.2E-09 
6.7E-10 
1 . 1  E-09 
8.1E-10 
8.2E- 10 
5.5E-10 

I 
Total DOSE i 

GM ISvlyearI GSD 1 
1 

2.2 1 
2.2 
2.3 1 
2.2 
2.1 1 

2.2 I 
2.2 I 
2.2 I 
2.2 I 

2.2 I 

2.2 2.2 I 
2.2 I 
2.1 1 
2.1 i 
2.21 
2.21 
2.11 
2.0; 
2.0! 
1.9; 

1.9, 
1.9, 

2.2' 
1 

2.0 

1.9 
2. lj 

1 .e 
1 . 9  
1 . 9  
1 . 9  
2.0 
1 . 9  

1.9 
1.9 

1.9 

2.0 
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RI-2.XLS 

Veer - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

. 1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
G M  {Svlyear) GSD 

1.4E-11 
4.6E-10 
6.lE-10 
1.7E-09 
1 . 1  E-07 
2.2E-08 
9.3E-09 
9.3E-09 
1 . 1  E-08 
2.2E-08 
2.6E-08 
2.OE-08 
4.6E-08 
2.2E-09 
2.8E-09 
3.5E-09 
9.3E-09 
2.6E-09 
6.2E- 10 
4.X-10 
4.4E-10 
8 .OE -09 
8.6E-11 
3.4E-11 
3.4E-11 
2.4E-11 
4.8E-11 
l.lE-10 
7.3E-11 
1.7E-10 
6.6E-10 
6.6E-10 
7.9E-11 
2.5E-10 
1.3E-10 
1.3E.10 
3.9E-11 

2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

Soil Ingestion 
G M  ISvlvearl GSD 

1.7E-15 
5.8E.14 
1.3E.13 
3.7E-13 
1.3E.11 
1.7E-11 
1 . 9 E - 1 1  
2.1E.11 
2.2E.11 
2.6E.11 
3.OE-11 
3.3E-11 
4.lE-11 
4.1E-11 
4.1E.11 
4.2E-11 
4.3E-11 
4.4E-11 
4.4E. 1 1 
4.4E-11 
4.4E.11 
4.5E-11 
4.5E.11 
4.5E-11 
4.5E-1 
4.5E.1 
4.5E.1 
4.5E-1 
4.5E-1 
4.5E-1 
4.6E-1 
4.6E-11 
4.6E-11 
4.6E-11 
4.6E.11 
4.6E-11 
4.6E.11 

3.8 
3.8 
3.3 
3.4 
3.5 
3.4 
3.6 
3.4 
3.2 
3.3 
3.3 
3.4 
3.2 
3.3 
3.2 
3.2 
3.1 
3.3 
3.2 
3.4 
3.2 
3.1 
3.2 
3.2 
3.4 
3.1 
3.2 
3.2 
3.3 
3.1 
3.3 

3.4 
3.2 
3.2 
3.2 
3.2 

3.4 

Vegetable Ingestion 
G M  (Svlyear) GSD 

2.2E-13 
7.X-12 
8.2E-12 
2.7E-11 

. 1.7E-09 
3.5E-10 
1.5E-10 
1.5E-10 
1.7E-10 
3.5E- 10 
4.2E-10 

7.4610 
4.OE-11 

3.2E-10 

5.OE-11 
6.OE-11 
1.5E-10 
4.7E-11 
1.lE-11 
9.6E-12 
9.7E-12 
1.3E-10 

1.9E-12 
3.OE-12 

1.9E- 
1.6E- 
2.2E. 
3.5E. 
2.7E. 
4.8E. 
1.4E. 
1.4E-11 . 
3.OE-12 
6.5E-12 
4.1E-12 
4.2E-12 
2.OE-12 

3.6 
3.4 
3.3 
3.3 
3.3 
3.3 
3.2 
3.3 
3.2 
3.3 
3.4 
3.4 
3.3 
3.1 
3.2 
3.2 
3.2 
3.2 
3.1 
3.3 
3.2 
3.3 
3.3 
3.8 
3.9 
4.1 
3.9 
3.4 
3.6 
3.4 
3.3 
3.1 
3.6 
3.2 
3.5 
3.3 
3.9 

Ground Exposure 
G M  tSv/year) GSD 

2.X-17 
8 .OE-16  
1 .8E-l 5 
5.OE-15 
1.8E-13 
2.4E-13 
2.6E-13 
2.8E-13 
3. 1E-13 
3.5E-13 
4.1E-13 
4.6E- 13 
5.5E-13 
5.6E-13 
5.6E-13 
5.7E-13 
5.9E-13 
6.OE-13 
6.OE- 13 
6.051 3 
6.OE-13 
6.2E-13 
6.2E-13 
6.2E-13 
6.2E-13 
6.2E- 13 
6.2E-13 
6.2E-13 
6.2E.13 
6.2E-13 
6.2E-13 
6.2E-13 
6.3E-13 
6.3E-13 
6.3E.13 
6.3E-13 
6.3E.13 

2.6 
2.5 
2.3 
2.2 
2.5 
2.3 
2.2 
2.2 
2.2 
2.1 
2.0 
2.0 
2.1 
2.1 
2.1 
2 .0  
2 .0  
2.0 
2 .0  
2.0 
2.0 
2.0 
2.0 
2.1 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2 .0  
2.0 
2.1 
1.9 

NOTES: 
11 E-01  is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) G M  s Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv - Sievert; 1 Sv = 1 0 0  rem 

1 of 2 

Immersion 
GM (Svlyear) GSD 

1.3E-21 
4.4E-20 
4.9E-20 
1.6E- 19 
1 . 0 5 1  7 
2.1E-18 
9 . O E - 1 9  
9.OE-19 
1.OE-18 
2.1 E-18 
2.5E-18 
1.9E-18 
4.4E-18 
2.2E-19 
2.8E-19 
3.X-19 
9 . O E - 1 9  
2.6E-19 
5.1E-20 
4.2E-20 
4.2E-20 
7.7E-19 
8.3E-21 
3.3E-21 
3.3E.21 
2.3E-2 1 
4.6E-21 
1 .OE-20 
7.1E-21 
1.7E.20 
6.4E-20 
6.4E-20 
7.7E-21 
2.4E.20 
1.3E-20 
1.3E-20 
3.8E-21 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 



Pathwsy-SpedRc Doses Aasocbted with Routine Airborne Rebasa of flutonlum-239/240 (continued) 
sector 2 
11953 . 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

1.6E-17 
5.5E-16 
1.3E-15 
3.4E-15 
1.3E-13 
1.6E-13 
1 .8E-l 3 
1.9E-13 
2.1E-13 
2.4E-13 
2.8E-13 
3.1E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.9E-13 
4.1E-13 
4.1 E-13 
4.1 E-13 
4.1E-13 
4.1E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.2E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 

9.3 
8.9 
9.6 
8:5 
9.5 
10.1 
9.4 
9.0 
8.7 
8.6 
8.4 
8.5 
9.1 
8.8 
8.3 
8.9 
8.5 
9.2 
9.0 
8.9 
8.5 
8.3 
9.3 
9.1 
8.7 
8.8 
8.4 
8.6 
8.3 
8.9 
8.3 
8.6 
8.9 
9.1 
9.1 
9.4 
8.4 

Milk Ingestion 
GM (Svlyearl GSD 

1.6E- 17 
5.3E-16 
6.4E-16 
2.OE-15 
1.2E-13 
3.5E-14 
2.2E-14 
2.2E-14 
2.5E-14 
4.OE- 14 
4.7E-14 
4.2E-14 
7.5E- 14 

2.4E-14 
2.5E-14 
3.4E-14 

I 2.4E-14 
2 .OE- 1 4 
2.OE-14 
2.0E- 14 
3 . X - 1 4  
2.OE-14 
2.OE-14 
2.OE-14 
2.OE- 14 
2.OE-14 
2.OE-14 
2.OE-14 
2.OE-14 
2.2E- 14 
2.2E-14 

2.2E-14 

2.OE- 14 
2.1E-14 
2.OE- 14 
2.OE- 14 
2.OE-14 

5.2 
4.8 
4.5 
4.8 
4.8 
4.4 
4.1 
4.3 
4.3 
4.2 
4.0 
4.3 
4.7 
4.0 
4.2 
4.1 
4.0 
4.0 
4.1 
4.2 
4.1 
3.8 
4.1 
4.0 
4.2 
4.1 
4.1 
4.2 
4.4 
4.1 
4.1 
4.0 
4.1 
3.9 
4.0 
4.1 
4.1 

Beef Ingestion 
GM ISvlyearl GSD 

1.1E-16 

4.6E-15 
1.4E-14 
8.7E-13 

1.5E-13 

3.8E.15 

2.5E-13 

1.6E-13 
1.8E-13 
2.8E-13 
3.3E-13 
3.OE- 13 
5.36-13 
1.5E-13 
1.6E-13 
1.7E-13 
2.4E-13 
1.6E-13 
1.4E- 13 
1.4E- 13 
1.4E-13 
2.2E-13 
1.3E- 13 
1 .X -13  
1.3E-13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.3E-13 
1.4E-13 
1.3E-13 
1.3E.13 
1.3E-13 

4.1 
4.0 
3.7 
4.2 
4 .0  
3.7 
3.7 
3.4 
3.5 
3.5 
3.6 
3.4 
3.5 
3.3 
3.4 
3.4 
3.3 
3.4 
3.6 
3.6 
3.6 
3.5 
3.5 
4.0 
3.6 
3.6 
3.7 
3.8 
3.6 
3.6 
3.6 
3.4 
3.6 
3.4 
3.5 
3.5 
3.7 

Inhalation of 
Resuspended Particulates 
GM ISvlyearI GSD 

3.5E-15 
1.2E-13 
2.8E-13 
7.6E-13 
2.8E-11 
3.6E-11 
3.9E- 1 1 
4.2E-11 
4.6E-11 
5.3E-11 
6.2E-11 
6.9E-11 
8.4E-11 
8.4E-11 
8.5E-11 
8.7E-11 
9.OE- 1 1 
9.OE-11 
9.1E-11 
9.lE-11 
9.1E-11 
9.4E-1 1 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E.11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-11 
9.4E-1 1 
9.5E-11 
9.4E-11 

3.0 
2.9 
2.7 
2.7 
3.0 
2.6 
2.7. 
2.8 
2.7 
2.7 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.6 
2.6 
2.4 
2.4 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
2.4 
2.6 

NOTES: 
1)  E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

3.4E-25 
1.2E-23 
2.7E-23 
7.4E-23 
2.7E-21 
3.5E-21 
3.8E-21 
4.1E-21 
4.5E-21 
5.2E-21 
6.OE-21 
6.7E-21 
8.1 E-2 1 
8.2E-21 
8.3E-21 
8.4E-21 
8.7E-21 
8.7E-21 
8.8E-21 
8.8E-21 
8.8E-21 
9.1E-21 
9.1E-21 
9.1E-21 
9.1E-21 
9.1 E-21 
9.1E-21 
9.1E-21 
9.1E-21 
9.1 E-2 1 
9.1E-21 
9.2E-21 
9.1E-21 
9.1E-21 
9.1E-21 
9.2E-21 
9.lE-21 

3.1 
3.0 
2.8 
2.7 
3.0 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.4 
2.6 
2.6 
2.5 
2.5 
2.5 
2.7 
2.5 
2.5 
2.6 
2.6 
2.5 
2.4 
2.5 
2.4 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.7 

Total Dose 
GM ISvlyear) GSD 

1.4E-11 
4.7E-10 
5.2E-10 
1.7E-09 
1.1E-07 
2 .X -08  
9.6E.09 
9.7E-09 
1.1E-08 
2.3E-08 
2. 7E-08 
2.1 E-08 
4.7E-08 
2.5E-09 
3.2E-09 
3.8E-09 
9.8 E-09 
3.OE-09 
?.?E-10 
6.7E-10 
6.8E-10 
8.4E-09 
2.9E-10 
2.2E-10 
2.2E- 10 
2.1E-10 
2.4E-10 
3.1E-10 
2.7E-10 
4.OE-10 
9.3E- 10 
9.3E-10 
2.8E-10 
4.8E-10 
3.5E-10 
3.5E-10 
2.3E-10 

2.2 1 

2.2 

2.3 
2.2 1 
2.2 1 
2.2, 

2.21 

2.2, 
2.1, 
2.1, 
2.11 
2.2 

1.9 
1.9 
1.9 
2.1 
1.9 
2.0 
1.9 
2.0 
1.9 
1.9 
1 .s 
1 .p 
1.9 
2.0 
1.9 
1 .I3 

1 .;e 

1 

2.2 

2.2; 

2.1 

1.9 

2!0 
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Pathwav-Spedfk DOMI Associated with R o u t h  Abbome Rdeasa of flutodun-2391240 
sectw 3 
I 1  953 - 1989) - 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

1985 

1987 
1988 
1989 

1984 

' 1986 

- 

~~~~~ 

Inhalation 
G M  ISvlyear) GSD 

1.2E-11 
4.1 E.10 
4.6E-10 
1.5E-09 
9.5E -08 
2,OE-08 
8.4E-09 
8.4E-09 
9.5E-09 
2.OE-08 
2.3E-08 
1.8E-08 
4.1E.08 
2.OE-09 
2.6E-09 
3.1 E-09 
8.3E-09 
2.4E-09 
4.7E-10 
3.9E-10 
3.9E-10 
7.2E-09 
'?.?E-1 1 
3.1E-11 
3.1E-11 
2.1E-11 
4 . X - 1 1  
9.5E-11 
6.6E-11 
1.5E-10 
6.OE-10 
6.OE-10 
7.2E-11 
2.3€-'10 
1.2E-10 
1.2E-10 
3.5E-11 

2.3 
2.2 
2.3 
2.2 
2.2 
2 .2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 

Soil Ingestion 
GM (Svlyearl GSD 

1.5E-15 
5 . X .  14 
1.2E-13 
3.3E-13 
1.2E-11 
1.5E-11 
1.7E-11 
1.8E-11 
2.OE-11 
2.3E.11 
2.7E-11 
3.OE-11 
3.7E-11 
3.7E-11 
3.7E-11 
3.8E-1 1 
3.9E. 11 
4.OE-11 
3.9E-11 
4.OE.11 
4.OE-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.1E.11 
4.1E-11 
4.1E-11 

4.1E-11 
4 . 1 5 1  1 

' 4.1E-11 
4 .1E- l l  
4.1E-11 

3.8 
3.6 
3.5 
3.4 
4.0 
3.7 
3.6 
3.4 
3.5 
3.5 
3.4 
3.2 
3.3 
3.2 
3.3 
3.2 
3.2 
3.3 
3.2 
3.3 
3 .3  
3.1 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 
3.4 
3.5 
3 .6  
3.2 
3.3 
3.4 
3.4 
3.1 
3.2 

Vegetable Ingestion 
G M  ISvlyear) GSD 

2.OE-13 
6.6E-12 
7.4E-12 
2.4E.11 
1.5E-09 
3.2E- 10  
1.4E-10 
1.4E-10 
1.6E-10 
3.2E-10 
3.8E-10 
2.9E-10 
6.7E-10 
3.6E-11 
4.4E.11 
5.4E-11 
1.4E-10 
4.2E-11 
1 .OE-1 1 
8.5E-12 
8.8E-12 
1.2E-10 
2.8E-12 
1.7E-12 
1.7E-12 
1.4E-12 
2.OE-12 
3.1 E-1 2 
2.6E-12 
4.4E-12 
1.2E-11 
1.2E-11 
2.7E.12 
5.7E-12 
3.8E-12 
3.6E-12 
1.8E-12 

3.2 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.4 
3.4 
3.3 
3.2 
3.4 
3.3 
3.0 
3.1 
3.2 
3.0 
3.3 
3.1 
3.0 
3.2 
3.7 
4.1 
4.0 
4.4 
3.8 
3.3 
3.7 
3.2 
3.2 
3.0 
3.7 
3.2 
3.4 
3.4 
3 .9  

Ground Exposure 
GM ISvlyearl GSD 

2.1E-17 
7.3E-16 

4.5E-15 
1.7E.15 

1.7E-13 
2.1 E-1 3 
2.3E-13 
2.5E-13 
2.7E-13 
3.2E-13 
3.7E- 13 
4.1E-13 
5.OE-13 
5.OE-13 
5.1E-13 
5.2E.13 
5.3E-13 
5.4E-13 
5.4E-13 
5.4E-13 
5.4E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E-13 
5.6E.13 
5.6E-13 
5.6E.13 
5.7E-13 

2.6 
2.4 
2.3 
2.3 
2.5 
2.4 
2.3 
2.3 
2.3 
2.2 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.0 
2.0. 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 

'2 .0  
2.0 
2.0 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 

Immersion 
G M  {Svlyear) GSD 

1.2E-21 
4.OE-20 
4.4E.20 
1.4E-19 
9.2E-18 

8.1E-19 
8.1 E-1 9 
9.2E-19 
1.9E-18 
2.3E-18 
1.7E-18 
4.OE-18 
2.OE-19 
2.5E-19 
3.OE-19 
8.1E-19 
2.3E-19 
4.6E-20 
3.7E-20 
3.8520 
6.9E-19 
7.5E-21 
3.OE-21 
3.OE-21 
2.1E-21 
4.2E-21 
9.2E-21 
6.3E-21 
1.5E-20 
5.8E-20 
5.8E.20 
6.9E-21 
2.2E-20 
1.2E-20 
1.2E.20 
3.46.21 

i.gE-18 

2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
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Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyesrl . GSD 

1.4E-17 
5.OE-16 
1.2E-15 
3.1E-15 
1.1E-13 
1.4E-13 
1.6E-13 
1.7E-13 
1.9E-13 
2.2E-13 
2.5E-13 
2.8E-13 
3.4E-13 
3.4E-13 
3.5E-13 
3.5E-13 
3.6E-13 
3.7E-13 
3.7E-13 
3.7513 
3.7E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E-13 
3.8E- 13 
3.8E-13 
3.9E-13 
3.8E-13 
3.9E-13 
3.8E-13 
3.8E-13 
3.9E-13 

8.7 
9.8 
9.1 
9.5 
9.7 
9.6 
9.5 
9.2 
8.8 
9.0 
8.4 
9.2 
8.7 
8.9 
8.2 
8.5 
8.8 
8.9 
8.2 
8.6 
8.8 
8.8 
9.1 
9.1 
8.7 
8.6 
8.6 
8.5 
9.2 
9.2 
9.2 
8.7 
8.8 
8.9 
9.1 
8.7 
8.3 

Milk Ingestion 
GM ISvlyear) GSD 

1.4E-17 
4.7E-1R 
5.8E-16 
1.8E-15 
l . lE-13 
3.2E- 14 
1.9E-14 
2.OE-14 
2.3E-14 
3.6E- 14 
4.2E- 14 
3.8E-14 
6.8E-14 
2.OE-14 
2.1E.14 
2.2E-14 
3.1 E-14 
2.2E-14 
1.9E-14 
1.8E-14 
1.8E-14 
3.OE-14 
1 BE-14 
1.8E-14 
1.8E-14 
1 .8E-14 
1.8E-14 
1.8€-.14 
1.8E-14 
1.8E-14 
1.9E-14 
1.9E-14 
1.8E-14 
1.9E-14 
1.8E-14 
1.8E-14 
1.8E-14 

4.6 
4.9 
4.3 
4.9 
5.0 
4.0 
4.5 
4.5 
4.2 
4.1 
4.2 
4.1 
4.4 
4.0 
4.1 
4.0 
4.3 
4.0 
4.2 
4.2 
3.9 
4.1 
4.0 
4.2 
4.4 
4.1 
4.3 
4.0 
4.1 
4.0 
4.2 
4.5 
4.1 
4.0 
4.1 
4.1 
4.1 

Beef Ingestion 
GM ISvlyear) GSD 

1 .OE-1 6 
3.4E- 15 
4.2E-15 
1.3E-14 
7.9E- 13 

1.4E-13 
2.3E-13 

1.4E-13 
1.6E-13 
2.5E-13 
3.OE- 13 
2.7E-13 
4.8E-13 
1.4E-13 
1.4E-13 
1.5E-13 
2.1E-13 
1.5E-13 
1.2E-13 
1.2E-13 
1.2E-13 
2.1E-13 
1 .2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1 .2E-l3 
l.2E-13 
1 .2E-l3 
1 .ZE-l3 
1.3E-13 
1.3E-13 
1.2E-13 
1 .2E-l3 
1 .2E-13 
1.2E-13 
1.2E-13 

4.1 
4.1 
3.9 
4.1 
4.1 
3.5 
3.6 
3.7 
3.5 
3.6 
3.7 
3.5 
3.6 
3.6 
3.5 
3.3 
3.3 
3.5 
3.6 
3.5 
3.6 
3.6 
3.5 
3.8 
3.7 
3.6 
3.7 
3.7 
3.6 
3.8 
3.5 
3.5 
3.5 
3.6 
3.8 
3.4 
3.5 

Inhalation of 
Resuspended Particulates 
GM ISvlyear) GSD 

3.2E-15 
l . lE-13 
2.5E-13 
6.8E-13 
2.5E-11 
3.2E-11 
3.5E-11 
3.8E-1 1 
4.1E-11 
4.8E-11 
5.6E-11 
6.2E-1 1 
7.5E-11 
7.6E-11 
7.7E-11 
7.8E-11 
B.1E-11 
8.2E-11 

8.2E-11 
8.2E-11 
8.4E-11 
8.5E-11 
8.4E-11 
8.4E-11 
8.4E-11 
8.4E-1 1 
8.4E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 
8.5E-11 

a . 2 ~ - 1 1  

3.2 
2.9 
2.7 
2.8 
3.4 
2.9 
2.7 
2.8 
2.6 
2.6 
2.8 
2.6 
2.6 
2.5 
2.5 
2.7 
2.8 
2.5 
2.4 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.6 
2.8 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 

NOTES: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sieverl; 1 Sv = 100 rem 

Immersion in 
Resuspended Particulates 
GM ISvlyear) GSD 

3.1E-25 
1.1E-23 
2.5E-23 
6.6E-23 
2.4521 
3.1E-21 
3.4E-21 
3.7E-21 
4.OE-21 
4.6E-21 
5.4E-21 
6.OE-21 
7.3E-21 
7.4E-21 
7.5E-21 
7.6E-21 
7.8E-21 
7.9E-21 
7.9E-21 
7.9E-21 
7.9E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.2E-21 
8.3E-21 
8.3E-21 
8.2E-21 

3.3 
.3.0 
2.8 
2.8 
3.3 
2.9 
2.8 
2.8 
2.0 
2.7 
2.8 
2.5 
2.6 
2.0 
2.5 
2.7 
2.0 
2.0 
2.4 
2.6 
2.7 
2.5 
2.8 
2.5 
2.0 
2.8 
2.6 
2.6 
2.7 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 

I Total Dose 
GM ISvlyearl GSD 

1.3E-11 
4.2E-10 
4.7E- 10 
1.5E-09 
9.8E-08 
2.OE-08 
8.7E-09 
8.7E-09 
9.9E-09 
2.OE-08 
2.4E-08 
1.9E-08 
4.3E-08 
2.3E-09 
2.9E-09 
3.4E-09 
8.8 E-09 
2.7E-09 
0.9E-10 
0.1E-10 
6.2E-10 
7.0E-09 
2.7E-10 
2.OE-10 
2.OE-10 
1.9E-10 
2.2E- 10 
2.8E-10 
2.5E-10 
3.6E-10 
8.4E-10 
8.4E-10 
2.6E-10 
4.4E- 10 
3.2E-10 
3.1E-10 
2.1 E- 10 

2.31 2.28 

2.2 

2.2' 

2.21 

2.21 

2.21 

2.21 
2.2' 
2.21 1 

2.21 
2.2 

:::I 
2.1, 
2.1' 
2.21 
2.1; 

1.9; 

2.1; 
1.9, 
2.0 
2.0 
2.0 
1.9 

1.9 
1 . 9  
2.0 
2.0 
1.9 
1.9, 
1.9 

1 

1.9, 

1.9 

1.9 

1.8 
1.9 
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P.th*rev-Sped(k DOSOS A8S&td with Rout1110 Alrb0r110 Robme of Pluton(~m-2391240 
Sector 4 
(1953. 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981' 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

inhalation 
G M  (Svlyear) GSD 

4.1E-11 
1.3E-09 
1.5E.09 
4.9E-09 
3.1E-07 
6.4E-08 
2.7E-08 
2.7E.08 
3.1 E.08 
6.4E-08 
7.6E-08 
5.8E-08 
1.3E.07 
6.6E-09 
8.3E.09 
1 .OE-08 
2.7E-08 
?.?E-09 
1.5E-09 
1.3E-09 
1.3E-09 
2.3E-08 
2.5E-10 
1.OE-10 
1.OE-10 
7.OE-11 
1.4E-10 
3.lE-10 
2.1E-10 
5.OE-10 
1.9E-09 
1.9E-09 
2.3E-10 
7.4E-10 
3.9E-10 
3.9E-10 
l . lE-10 

2.2 
2.2 
2 .2  
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2:2 
2.2 
2.2 

Soil ingestion 
G M  (Svlyear) GSD 

5.OE-15 
1.7E-13 
4.OE.13 
1.1E-12 
4.OE-11 
5.lE-11 
5.6E-11 
6.OE-11 
6.6E-11 
7.6E-11 
8.9E-11 
9.8E-11 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E.10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 

3.6 
3.5 
3.4 
3.5 
3.9 
3.5 
3.6 
3.3 
3.6 
3.5 
3.6 
3.4 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.3 
3.3 
3.4 
3.3 
3.2 
3.2 
3.3 
3.2 
3.1 
3.4 
3.3 
3.2 
3.3 
3.3 
3.2 
3.3 
3.3 

Vegetable Ingestion 
GM (Svlyear) GSD 

6.6E.13 
2.2E-11 
2.4E.1 1 
7.8E.11 
5.OE.09 
1 .OE-09 
4.5E.10 
4.5E.10 
5.1E-10 
1 .OE-09 
1.2E-09 
9.5E-10 
2.2E-09 
1.2E.10 
1.5E-10 
1.8E-10 
4.5E-10 
1.4E-10 
3.3E-11 
2.8E-11 
2.9E-1 1 
3.9E-10 
9.1E-12 
5.5E-12 
5.4E-12 
4.6E-12 
6.3E-12 
1.lE-11 
8.3E-12 
1.4E-11 
4.OE-11 
4.OE-11 
8.6E-12 
1.9E-11 
1.2E-11 
1.2E-11 
5.8E-12 

3.3 
3.3 
3.5 
3.4 
3 ..2 
3:3 
3.4 
3.3 
3.3 
3.3 
3.2 
3.3 
3.4 
3.3 
3.3 
3.3 
3.3 
3.1 
3.2 
3.2 
3.2 
3.2 
3.4 
4.1 
3.9. 
4.4 
3.9 
3.5 
3.9 
3.4 
3.1 
3.1 
3.4 
3.2 
3.3 
3.4 
4.3 

Ground Exposure 
GM (Svlyear) GSD 

6.8E.17 
2.3E.15 
5.4E-15 
1.5E.14 
5.4E-13 
7.OE-13 
7.6E-13 
8.3E-13 
9.OE-13 
1.OE-12 
1 .2E-l2 
1.3E-12 
1.6E-12 
1.6E-12 
1.751 2 
1 .X-12 
1.7E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1 .8E-l2 
1.8E-12 
1.8E-12 
1 .8E-l2 
1.8E.12 
1.8E-12 
1 .8E-l2 
1.8E-12 
1.8E-12 
1.8E-12 
1.8E-12 
1.M-12 
1.8E-12 

2.7 
2.4 
2.2 
2.2 
2.6 
2.4 
2.3 
2.3 
2.2 
2.1 
2.1 
2.1 
2.1. 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 

2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 

2.1 

NOTES: 
1) E-01 i s  the same os the value divided by 10'; E-02 is the same 8s the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

1 of 2 

Immersion 
GM (Svlyear) GSD 

3.9E.21 
1.3E-19 
1.5E-19 
4.7E-19 
3.OE-17 
6.2E-18 
2.6E-18 
2.6E-18 
3.OE-18 
6.2E-18 
7.3E-18 
5.6E-18 
1.3E-17 
6.4E-19 
8.1 E-1 9 
9.8E-19 
2.6E-18 
7.5E-19 
1.5E-19 
1.2519 
1.2E-19 
2.3E-18 
2.4E-20 
9.8E-21 
~ . B E - Z I  
6.8E-21 
1.4E-20 
3.OE-20 
2.1 E-20 
4.9E-20 
1.9E-19 
1.9E-I9 
2.3E-20 
7.1 E-20 
3.8E-20 
3.7E-20 
1.1 E-20 

2.2 
2:3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.1 
2.2 
2.3 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 



Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM ISv/yearl GSD 

4.7E-17 
1.6E-15 
3.7E-15 
1.OE-14 
3.7E-13 
4.7E-13 
5.2E- 13 
5.6E-13 
6.1 E - 1  3 
7.1E-13 
8.3E-13 
9.2E-13 
l . lE-12 
1 .1E-l2 
1 . lE-l2 
l.lE-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1.2E-12 
1 .2E-l2 
1.2E-12 
1.2E-12 
1.3E-12 
1.2E-12 
1.3E-12 
1.X-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 
1.3E-12 

9.6 
8.9 
8 .9  
9.0 
10.2 
9.1 
9.0 
9.4 
9.4 
8.9 
8.9 
9.1 
8.7 
8.9 
8.9 
8.8 
8.6 
9.0 
8.6 
8.3 
8.8 
8.7 
9.1 
9.1 
8.3 
8.8 
8.4 
9.4 
9.5 
9.0 ' 
8.1 
8.8 
8.2 
9.0 
8.3 
9.1 
8.7 

Milk Ingestion 
GM (Svlyear) GSD 

4.6E-17 
1.5E-15 
1.9E-15 
5.9E-15 
3.5E-13 
l . lE.13 
6.4E-14 

7.4E-14 

1.4E-13 

6.6E- 14 

1 .2E-l3 

1.2E-13 
2.2E-13 
6.56-14 
7.OE-14 
7.4E-14 
1.OE-13 
7.2E-14 
6.0514 
6.0514 
6.OE-14 
9.8E-14 
5.9E-14 
5.9E-14 
5.9E- 14 
5.9E-14 
5.9E-14 
5.9E- 14 
5.9E-14 
6.OE-14 
6.3E-14 
6.4E-14 
5.9E-14 
6.1 E-14 
6.OE-14 
6.OE-14 
5.9E-14 

4.5 
5.2 
4.7 
5.3 
5.1 
4.4 
4.4 
4 . 0  
4.1 
4.1 
4.4 
4.2 
4.4 
3.9 
3.9 
3.6 
4.0 
3.9 
4.5 
4.0 
4.3 
3.9 
4.4 
4.3 
4.2 
4.2 
4.2 
4.1 
4.2 
4.3 
4.0 
3.9 
3.9 
4.5 
4.0 
4.1 
4.4 

Beef Ingestion 
GM (Svlvear) GSD 

3.4E116 
l.lE-14 

4.2E-14 
1.3E-14 

2.6E-12 
7.5E-13 
4.5E-13 
4.6E-13 
5.1E-13 
8.1 E-1 3 
1 .OE-l2 
8.6E-13 
1.6E-12 
4.4E-13 
4.7E-13 
5.OE-13 
6.9E-13 
4.8E-13 
4.OE-13 

4.OE- 13 
4.OE-13 

6.7E-13 
3.9E-13 
3.9E.13 
3.9E-13 
3.9E-13 
3.9E-13 
3.9E-13 
3.9E-13 
4.OE-13 
4.2E-13 
4.2E-13 
3.9E-13 
4.OE- 1 3 
4.OE-13 
4.OE-13 
3.9E-13 

4.2 
4.0 
4.1 
4.0 
4.2 
3.8 
3.5 

3.6 
3.6 
3.4 
3.4 
3.7 
3.7 
3.4 
3.5 
3.4 
3.5 
3.5 
3.7 
3.6 
3.4 
3.7 
3.6 
3.7 
3.6 
3.7 
3.8 
3.7 
3.4 
3.6 
3.4 
3.8 
3.7 
3.8 
3.7 
3.6 

3.5 

Inhalation of 
Resuspended Particulates 
GM ISvlvear) GSD 

1.OE-14 
3.5E-13 
8.2E-13 
2.2E-12 
8.2E-11 
1 . O E - 1 0  
1.2E-10 
1.2E-10 
1.4E-10 
1.6E-10 
1.8E-10 
2.OE- 10 
2.5E-10 
2.5E-10 
2.5E-10 
2.5E-10 
2.6E- 10 
2.7E-10 
2.7E-10 
2.7E- 10 
2.7E- 10 
2.8E-10 
2.8E-10 
2.8E- 10 
2.m-10 
2.8E-10 
2.8E-10 
2.M-10 
2.8E-10 
2.8E-10 
2.8E-10 
2.8E-10 
2.8E-10 
2.8E-10 
2.8E-10 
2.8E.10 
2.8E-10 

3.2 
2.9 
2.8 
2.8 
3.1 
2 .8  
2 .8  
2.8 
2.7 
2.7 
2.7 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.6 
2.6 
2 .5  
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.7 
2.5 
2.5 
2.6 
2.6 
2.5 
2.5 

NOTES: 
11 E - 0 1  i s  the same as the value divided by 10': E-02 is the same as the value divided by lW; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100rem 
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Immersion in 
Resuspended Particdates 
GM (Svlyesrl GSD 

1 .OF24 
3.4E-23 
7.9E-23 
2.2E-22 
7.9E-21 
1 .OE-20 
1.1E.20 
1.2E-20 
1.3E-20 
1.5E-20 
1.8E-20 
2.OE-20 
2.4E-20 
2.4E-20 
2.4E-20 
2.5E-20 
2.5E-20 
2.M-20 
2.6E-20 
2.6E-20 
2.6E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.76-20 
2.7E-20 
2.7E-20 
2.7E-20 
2.7E.20 
2.7E-20 
2.7E-20 

3.2 
2.9 
2.8 
2.9 
3.1 
2.9 
2.9 
2.7 
2.7 
2.7 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.5 
2.6 
2.6 
2.5 
2.5 
2.7 
2.5 
2.5 
2.6 
2.7 
2.6 
2.6 
2.7 
2.7 
2.4 
2.6 
2.5 
2.5 
2.6 
2.5 

1 

1 

Total Dose 
GM (Svlyearl I GSD 

4.2E-11 
1.4E-09 
1.5E-09 
6.OE-09 
3.2E-07 
6.6E-08 
2.8E-08 
2.8E -08 
3.2E-08 
6.6E-08 
7.8E -08 
6.OE-08 
1.4E-07 
7.5E-09 
9.3E-09 
1 . 1  E-08 
2.96-08 
8.7E-09 
2.3E-09 
2.OE-09 
2.OE-09 
2.5E-08 
8.6E-10 
6.5E- 10 
6.6E-10 
8.1 E - 1 0  
7 .1510 
9 . 2 5  10 
8.1 E- 10 
1.2E-09 
2.7E-09 
2.8E-09 
8 . X - 1 0  
1.4E-09 
1 .OE-09  
1 .OE-09  
6.7E-10 

i 2.2 
i 2.2 

2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
.2.2 
2.3 
2.1 
2.1 
2.0 
2.2 
2.1 
1.9 
1.9 
1.9 
2.2 
1.9 
2.0 
1.9 
2 .0  
2.0 
1.9 
1.9 
1.9 
2.0 
2.0 
1.9 
1.9 
1.8 
1.8 
2.0 - 



Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (Svlyear) GSD 

1.8E-11 
5.8E-10 
6.5E- 10  
2.1 E-09 
1.3E-07 
2.8E-08 
1.2E-08 
1.2E-08 
1.3E-08 
2.8E-08 
3.3E-08 
2.5E-08 
5.8E-08 
2.9E-09 
3.6E-09 
4.4 E-09 
1.2E-08 
3.4E-09 
6.7E-10 
5.5E-10 
5.5E-10 
1 .OE-08 
l . lE-10 
4.4E-11 
4.4E-11 
3.OE-11 
6.151 1 
1.3E-10 
9.3E-11 
2.2E- 10  
8.4E-10 
8.4E-10 
1.OE.10 
3.2E-10 
1.7E-10 
1.7E-10 
5.OE-11 

2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.1 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 

Soil Ingestion 
GM ISvlvearl GSD 

2.2E.15 
7.5E.14 
1.7E.13 
4.7E-13 
1.7E.11 
2.2E-11 
2.4E-1 1 
2.6E-11 
2.9E-11 
3.3E-11 
3.8E-1 1 
4.3E-11 
5.2E-11 
5.2E-11 
5.3E-11 
5.3E-11 
5.5E-11 
5.6E-11 
5.6E-11 
5.6E-11 
5.6E-11 
5.8E-11 
5.8E-11 
5.8E-1 1 
5.8E-11 
5.8E. 11 
5.8E-11 
5.8E-11 
5.8E.11 
5.8E. 1 1 
5.8E-11 
5.8E.11 
5.8E-11 
5.8E-11 
5.8E-11 
5.8E.1 1 
5.8E-11 

4.1 
3.8 
3.5 
3.4 
3.9 
3.6 
3.3 
3.5 
3.3 
3.5 
3.1 
3.2 
3.3 
3.3 
3.3 
3.4 
3.0 
3.4 
3.3 
3.1 
3.3 
3.3 
3.3 
3.4 
3.1 
3.2 
3.4 
3.0 
3.0 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.4 

Vegetable ingestion 
GM (Svlyearl GSD 

2.8E-13 
9.3E-12 
1.OE.11 
3.4E-1 1 
2.2E-09 
4.5E-10 
1.9E-10 
1.9E-10 
2.2E-10 
4.5E.10 
5.3E.10 
4.1 E-10 
9.4E- 10 
5.1E-11 
6.3E-11 
7.5E-1 1 
1.9E-10 
5.9E-11 
1.4E-11 
1.2E-11 
1.2E-11 
1.7E-10 
4.OE-12 
2.4E.12 
2.4E-12 
2.OE-12 
2.8E- 1 2 
4.6E.12 
3.7E. 
6.4E. 
1 .?E- 
l .?€- 
3.7E- 
8.1E- 
5.1 E. 
5.OE. 
2.5E-12 

3.1 
3.4 
3.3 
3.3 
3.2 
3.3 
3.3 
3.2 
3.1 
3.3 
3.5 
3.3 
3.2 
3.3 
3.1 
3.3 
3.1 
3.3 
3.1 
3.1 
3.1 
3.2 
3.6 
4.0 
4.2 
4 .3  
3.9 
3.4 
3.8 
3.3 
3.1 
3.2 
3.5 
3.3 
3.4 
3.4 
4.1 

Ground Exposure 
GM (Svlyear) GSD 

3.OE-17 
1 .OE-l5 
2.3E- 15 
6.4E-15 
2.4E-13 
3.OE-13 
3.36-13 
3.6E-13 
3.9E-13 
4.5E.13 
5.3E-13 
5.8E-13 
7.1 E-1 3 
7.1E-13 
7.2E-13 
7.3E-13 
7.6E-13 
?.?E-13 
?.?E-1 3 
?.?E-13 
7.7E-13 
7.9E-13 
7.9E-13 
7.9E-13 
7.9E- 13  
7.9E-13 
7.9E-13 
7.9E-13 
7.9E-13 
7.9E.13 
8.OE-13 
8.OE. 13 
8.OE-13 
8.OE-13 
8.OE-13 
8.OE-13 
8.OE-13 

2.7 
2.5 
2.4 
2.2 
2.5 
2.4 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.0 
2 .o 
2 .0  
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

NOTES: 
1) E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

immersion 
GM ISvlyear) GSD 

1.7E-21 
5.6E-20 
6.3E-20 
2.OE-19 
1.3E-17 
2.7E-18 
1.1E-18 
1.1 E-18 
1.3E-18 
2.7E-18 
3.2E-18 
2.5E-18 
5.6E-18 
2.8E-19 
3.5E-19 
4.2E-19 
1.1E-18 
3.X-19 
6.4E-20 
5 .X-20  
5.4E-20 
9.8E-19 
1.lE-20 
4.2E-21 
4.2E-21 
2.9E-21 
5.9E-21 
1.3E-20 
9.OE-21 
2.1E-20 
8.1 E-20  
8.1 E-20 
9.8E.21 
3.1 E-20  
1.6E-20 
1.6E-20 
4.8E.21 

2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.1 
2.1 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
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Pathway-Spedfk Dore8 h o d s t e d  with R o u t h  Ahborn Rebase of Plutonlum-239/240 (continued) 
Sector 5 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1980 
1961 
1962 
1983 
1964 
1965 
1968 
1987 
1988 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

2.OE-17 
7.OE-16 
1.M-15 
4.3E-15 
1.8E-13 
2.1 E-1 3 
2.2E-13 
2.4E-13 
2.7E-13 
3.1E-13 
3.8E-13 
4.OE-13 
4.8E-13 
4.9E-13 
4.9E-13 
5.OE-13 
5.2E-13 
5.2E-13 
5.2E-13 
6.2E-13 
5.2E-13 
5.4E-13 
6.4E-13 
6.4E-13 
5.4E-13 
5.4E-13 
6.4E-13 
5.5E-13 
6.4E-13 
6.4E-13 
6.4E-13 
6.5E-13 
6.4E-13 
5.4E-13 
5.M-13 
6.5E-13 
5.5E-13 

10.3 
9.8 
9.0 
9.0 
8.5 
9.4 
9.4 
8.7 
9.0 
9.2 
9.4 
8.7 
9.7 
8.8 
8.5 
9.0 
8.5 
9.3 
8.2 
8.8 
8.1 
9.0 
8.9 
9.2 
8.9 
8.9 
9.0 
8.9 
9.0 
8.7 
9.2 
8.8 
8.2 
8.8 
8.2 
8.2 
8.7 

Milk Ingestion 
GM (Svlyear) GSD 

2.OE-17 
6.6E-18 
8.OE-16 
2.5E-15 
1.5E-13 
4.4E-14 
2.8E-14 
2.8E-14 
3.2E-14 
5.2E-14 
8.2E-14 
5.3E-14 
9.M-14 
2.9E-14 
3.OE-14 
3.1 E-1 4 
4.3E-14 
3.1 E-1 4 
2.6E-14 
2.M-14 
2.8E-14 
4.2E-14 
2.8E-14 
2.5E-14 
2.6E-14 
2.6E-14 
2.8E- 14 
2.8E-14 
2.6E-14 
2.6E-14 
2.7E-14 
2.7E-14 
2.8E-14 
2.M-14 
2.8E-14 
2.8E-14 
2.6E-14 

4.5 
4.5 
4.7 
4.8 
4.7 
4.2 
4.4 
4.0 
4.4 
4.4 
4.1 
4.1 
4.4 
4.2 
4.1 
3.9 
4.2 
4.0 
4.2 
4.1 
4.4 
4.1 
3.6 
4.2 
4.4 
4.3 
4.2 
4.1 
4.3 
4.1 
4.2 
3.8 
4.0 
4.0 
4.0 
4.2 
4.1 

Beef Ingestion 
GM ISvlyear) GSD 

1.4E-16 
4.7E-15 
5.8E-15 
1 .8E-14 
1.1E-12 
3.2E-13 
2.OE-13 
2.OE-13 
2.2E-13 
3.7E-13 
4.3E-13 
3.7E-13 
6.8E-13 
1.9E-13 
2.0513 
2.1 E-13 
3.OE-13 
2.1E-13 
1.7E-13 
1.7E-13 
1.7E-13 
2.9E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.8E-13 
1.8E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 

4.0 
4.0 
3.8 
4.0 
4.1 
3.6 
3.5 
3.8 
3.7 
3.8 
3.6 
3.4 
3.8 
3.8 
3.3 
3.5 
3.3 
3.5 
3.5 
3.5 
3.5 
3.5 
3.8 
3.7 
3.7 
3.6 
3.9 
3.7 
3.8 
3.5 
3.8 
3.8 
3.8 
3.5 
3.4 
3.4 
3.7 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

4.5E-15 
1.551 3 
3.5E-13 
9.6513 
3.6E-11 
4.5E-11 
5.OE-11 
5.4E111 
5.9E-11 
6.8E-11 
7.9E-11 
&BE-1 1 
l . lE-10 
1.1E-10 
1.1 E-1 0 
1.1 E-10 
l . lE-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2510 
1 .2E-lO 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1 .2E-lO 
1.2E-10 
1.2E-10 
1 .ZE-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 

3.2 
3.1 
2.9 
2.8 
3.0 
2.8 
2.8 
2.9 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.5 
2.6 
2.6 
2.5 
2.8 
2.5 
2.5 
2.8 
2.5 
2.7 
2.5 
2.5 
2.6 
2.7 
2.8 
2.4 
2.5 
2.5 
2.5 
2.7 
2.7 
2.5 
2.8 

NOTES: 
11 E-01 is the same as the vdue divided by 10'; € 4 2  is the s a m  as the value divided by 1V;  etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Immersion in 
Resuspended Particuletes 
GM ISvlyear) GSD 

4.3E-25 
1.5E-23 
3.4E-23 
9.3E-23 
3.4E-21 
4.4E-21 
4.8E-21 
6.2E-21 
5.7E-21 
8.6E-21 
7.7E-21 
8.5E-21 
1 .OE-20 
1 .OE-20 
1.1 E-20 
1.1 E-20 
1.1 E-20 
1.1 E-20 
l . lE-20 
l . lE-20 
1.1 E-20 
1.2520 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2E-20 
1.2520 
1.2E-20 
1.2E-20 

3.1 
3.0 
2.8 
2.8 
3.1 
2.8 
2.8 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.5 
2.5 
2.8 
2.6 
2.8 
2.8 
2.6 
2.8 
2.8 
2.6 
2.8 
2.6 
2.8 
2.4 
2.5 
2.5 
2.6 
2.7 
2.7 
2.5 
2.8 

1 Total Done , 
GM (Svlyear) GSD 

1.8E-11 
5.9E-10 
8.7E-10 
2.2 E-09 
1.4E-07 
2.9E-08 
1.2E-08 
1.2E-08 
1.4E-08 
2.9E-08 
3.4E-08 
2.M-08 
8.OE-08 
3.3E-09 
4.OE-09 
4.8E-09 
1.2E-08 
3.8E-09 
9.9E-10 

' 8.5E-10 
8.8E- 10 
1.1E-08 
3.7E-10 
2.9E-10 
2.8E-10 
2.7E-10 
3.1 E-10 
4.OE- 10 
3.6E-10 
6.OE-10 
1 .2E-09 
1.2E-09 
3.8E-10 
8.2510 
4.6E-10 
4.4E-10 
2.9E-10 

, 
2.2 

2.2 
2.2 
2.2 
2.2 
2.3 

2.12 
2 .'2 
2! 1 

2.2 

2.2 

2!3 
2!2 
2! 1 

2.2 
2,1 

2! 2 
21 1 

1!9 

11.9 
2.0 
1,.9 
2.0 
2.0 

119 
1!9 

2.2 

1.9 
1.9 
1.8 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

1 
2.0 

2 of 2 



Pathway-Spedfic Doam Aaaoelated with R o u t i ~  Airborne Releare of #utdum-239/24~ 
Sector 6 
11953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1902 
1963 
1904 
1965 
1980 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 

Inhalation 
GM ISvlyear) GSD 

7.2E-12 
2.4E-10 
2.7E-10 
8.M- 10 
5.5E-08 
l.lE-08 
4.8E-09 
4.6E-09 
6.5 E-09 
l.lE-08 
1.3E-08 
1 .OE-08 
2.4E-08 
1.2E-09 
1.5E-09 
1 .8E-09 
4.8Er09 
1.4E-09 
2.7E-10 
2.25  10 
2.3E- 10 
4.1 E-09 
4.5E-11 
1 .BE-1 1 
1 .e€-1 1 
1 .ZE-l 1 
2.5E-11 
5.5E-11 
3.8E-11 
8.9E-11 
3.5E-10 
3.4E-10 
4.1E-11 
1.3E-10 
0.9E-11 
6.9E-11 
2.OE-11 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 

Soil Ingestion 
GM ISvlyearI . GSD 

8.9E-10 
3.1 E-1 4 
7.OE-14 
1.9E-13 
7.lE-12 
9.OE-12 
9.8E-12 
1 .1E-l1 
1.2E-11 
1.3E-11 
1 .6E-ll 
1.7E-11 
2.1E-11 
2.1E-11 
2.2E-11 
2.2E-11 
2.3E-11 
2.3E-11 
2.3E-11 
2.3E-11 
2.3E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.451 1 
2.4E-11 
2.461 1 
2.451 1 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.4E-11 

3.7 
3.7 
3.5 
3.3 
3.9 
3.4 
3.4 
3.5 
3.6 
3.3 
3.4 
3.3 
3.3 
3.2 
3.2 
3.3 
3.3 
3.1 
3.2 
3.2 
3.3 
3.5 
3.4 
3.3 
3.1 
3.3 
3.4 
3.4 
3.3 
3.2 
3.2 
3.2 
3.4 
3.2 
3.4 
3.3 
3.2 

Vegetable Ingestion 
GM lSv/year) GSD 

1.2E-13 
3.8E-12 
4.3E-12 
1.4E-11 
8.9E- 10 
1.8E-10 
7.9E-11 
7.9E-11 
8.9E-11 
1.9E-10 
2.2E-10 
1.7E-10 
3.8E-10 
2.1E-11 
2.6E-11 
3.1E-11 
8.OE-11 
2.451 1 
5.8E-12 
5.OE-12 
5.OE-12 
0.9E-11 
1.6E-12 
9.5E-13 
9.8E-13 
8.OE-13 
1.1512 
1.8E-12 
1.5E-12 
2.5E-12 
7.2E-12 
7.1 E-1 2 
1.5E-12 
3.4E-12 
2.1E-12 
2.1E-12 
1.1E-12 

3.6 
3.5 
3.2 
3.4 
3.2 
3.4 
3.4 
3.4 
3.3 
3.5 
3.3 
3.5 
3.2 
3.1 
3.1 
3.1 
3.3 
3.4 
3.0 
3.1 
3.2 
3.2 
3.5 
4.0 
3.7 
4.4 
4.1 
3.6 
3.9 
3.3 
3.4 
3.1 
3.5 
3.2 
3.5 
3.5 
4.0 

Ground Exposure 
GM ISvlyear) GSD 

1 .2E-l7 
4.2E-16 
9.6E-16 
2.6E-15 
9.7E-14 
1.2E-13 
1.3E-13 
1.5E-13 
1.6E-13 
1.9E-13 
2.2E-13 
2.4513 
2.9E-13 
2.9E-13 
2.9E-13 
3.OE-13 
3.1E-13 
3.1 E-1 3 
3.1 E-1 3 
3.1 E-1 3 
3.1 E-1 3 
3.2E-13 
3.2E-13 
3.2E-13 
3.2E-13 
3.251 3 
3.2E-13 
3.251 3 
3.2E-13 
3.2E-13 
3.2E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.3E-13 
3.X-13 

2.0 
2.5 
2.4 
2.3 
2.5 
2.4 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.1 

NOTES: 
1 )  E-01  is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM - Geometric Mean 
31 GSD 0 Geometric Standard Deviation 
4) Sv - Sievert; 1 Sv - 100 rem 

1 of 2 

Immersion 
GM ISvlyearl GSD 

7.0E-22 
2.3E-20 
2.M-20 
8.3E-20 
6.3E-18 
1.lE-18 
4.7519 
4.7E-19 
5.3E-19 
l.lE-18 
1.3E-18 
1 .OE-1 8 
2.3E-18 
l.lE-19 
1.4E-19 
1.7E-19 
4.7E-19 
1.3E-19 
2.6E-20 
2.2E-20 
2.2E-20 
4.OE-19 
4.3E-21 
1.7521 
1.7E-21 
1.2E-21 
2.4E-21 
5.3E-2 1 

, 3.7E-21 
8.6E-21 
3.3E-20 
3.3E-20 
4.OE-21 
1.3E-20 
6.7E-21 
0.7E-21 
2.OE-21 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 



Pathway-SpedRc Dosea Aa8odatd with Routine Airborne Rekmae of Plutonlum-239/240 lcontlnued) 
sector 8 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 - 

Wheat Ingestion 
GM (Svlyear) GSD 

8.3E-18 
2.9E-18 
8.M-18 
1.8E-15 
8.M-14 
8.4E-14 
9.2E-14 
1 .OE-13 
l.lE-13 
1.3E-13 
1.5E-13 
1.8E-13 
2.OE-13 
2.OE-13 
2.OE-13 
2.OE-13 
2.1E-13 
2.1E-13 
2.1E-13 
2.1E-13 
2.1E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2513 
2.2E-13 
2.2513 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2513 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 

9.4 
9.8 
9.5 
9.1 
8.7 
8.8 
9.7 
9.0 
8.4 
9.2 
8.8 
8.8 
8.3 
9.2 
9.7 
8.8 
8.9 
8.8 
8.8 
8.7 
8.8 
9.0 
8.7 
8.5 
8.8 
9.4 
8.7 
9.4 
9.2 
8.8 
8.9 
9.2 
8.2 
9.0 
8.0 
9.0 
8.8 

Milk Ingestion 
GM ISv/year) GSD 

8.2E-18 
2.7E-18 
3.3516 
1.OE-15 
6.3E-14 
1.8E-14 
l . lE-14 
1.2E-14 
1.3E-14 
2.1 E-14 
2.4E- 14 
2.2E-14 
3.9E-14 
1.2E-14 
1.2E-14 
1.3E-14 
1 .8E-14 
1.3E-14 
1.1 E-14 
l . lE-14 
l . lE-14 
1.7E-14 
1.1E-14 
1.OE-14 
1 .OF14 
1.OE-14 
1.OE-14 
l . lE-14 
1 .OE-14 
1.1 E-1 4 
1.1E-14 
1.1E-14 
1.1E-14 
l . lE-14 
l . lE-14 
1.1E-14 
1.1E-14 

4.5 
4.5 
4.6 
4.7 
5.0 
4.8 
4.2 
4.0 
4.2 
3.9 
4.2 
4.2 
4.2 
4.2 
3.9 
4.1 
3.8 
4.1 
4.1 
4.1 
4.4 
3.9 
3.9 
4.4 
4.2 
4.1 
4.4 
4.4 
4.1 
4.1 
3.8 
3.8 
4.2 
3.9 
4.4 
4.4 
4.1 

Beef Ingestion 
GM ISv/year) GSD 

5.9E-17 
1.9E-15 
2.4E-15 
7.5E-15 
4.5E-13 
1.3E-13 
7.9E-14 
8.2E-14 
9.1E-14 
1.5E-13 
1.7E-13 
1.5E-13 
2.8E-13 
7.8E-14 
8.3E-14 
8.8E-14 
1 .2E-l3 
8.6E-14 
7.OE-14 
7.1 E-1 4 
7.1E-14 
1.2E-13 
8.9E-14 
8.9E-14 
8.9E-14 
8.9E-14 
8.9E-14 
8.9E-14 
8.9E-14 
7.OE- 14 
7.4E-14 
7.5E-14 
7.OE-14 
7.1 E-1 4 
7.OE-14 
7.OE-14 
7.OE- 14 

4.2 
4.1 
4.0 
3.8 
4.3 
3.8 
3.4 
3.4 
3.5 
3.8 
3.5 
3.8 
3.7 
3.4 
3.4 
3.4 
3.2 
3.5 
3.5 
3.7 
3.8 
3.3 
3.8 
3.7 
3.8 
3.8 
3.5 
3.8 
3.8 
3.8 
3.5 
3.7 
3.7 
3.8 
3.8 
3.8 
3.8 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

1.8E-15 
8.3E-14 
1.5E-13 
4.OE-13 
1.5E-11 
1.9E-11 
2,OE-11 
2.2E-11 
2.4E-11 
2.8E-11 
3.2E-11 
3.6E-11 
4.4E-11 
4.4E-11 
4,4E-11 
4,5E-11 
4,751 1 
4.7E-11 
4.7E-11 
4,8E-11 
4.7E-11 
4.9E-11 
4,9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.9E-11 
4.951 1 
4.9E-11 
4.951 1 
4.9E-11 
4.9E-11 

3.1 
3.1 
2.9 
2.7 
3.0 
3.0 
3.0 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.6 
2.8 
2.4 
2.4 
2.7 
2.6 
2.8 
2.8 
2.4 
2.5 
2.5 
2.7 
2.8 
2.5 
2.5 
2.8 
2.6 
2.5 
2.5 
2.5 
2.5 
2.8 

NOTES: 
1) E-01 la the a a m  ea the value divided by 10'; E-02 is the same as the value divided by 1 0 ;  etc. 
21 GM = Geometrlc Meen 
3) GSD = Geometric Standard Deviation 
4) Sv I Sievert; 1 Sv = 100 rem 

w-a.x1s 2 of 2 

Immersion in 
Resuspended Particulatee 
GM (Svlyearl GSD 

1.8E-25 
8.1 E-24 
1.4E-23 
3.9E-23 
1.4E-21 
1.8E-21 
2.OE-21 
2.1E-21 
2.3E-21 
2.7E-21 
3.1 E-21 
3.5E-21 
4.2E-21 
4.3E-21 
4.3E-21 
4.4E-21 
4.5E-21 
4.6E-21 
4.8E-21 
4.8E-2 1 
4.8E-21 
4.7521 
4.7E-21 
4.7E-21 
4.7E-21 
4.7E-21 
4.7E-21 
4.7E-21 
4.7E-21 
4.7521 
4.7E-21 
4.8E-21 
4.8E-21 
4.8E-21 
4.8E-21 
4.8E-21 
4.8E-21 

3.1 
3.1 
2.9 
2.8 
3.0 
3.0 
3.0 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.5 
2.8 
2.5 
2.8 
2.4 
2.4 
2.7 
2.5 
2.7 
2.6 
2.5 
2.8 
2.5 
2.7 
2.6 
2.5 
2.5 
2.5 
2.8 
2.5 
2.6 
2.5 
2.5 
2.8 

1 
1 

7.5E-12 
2.4E-10 
2.7E-10 
8.9E-10 
6.7E-08 
1.2E-08 
6.OE-09 
6.OE-09 
5.7E-09 
1.2E-08 
1.4E-08 
l . lE-08 
2. 5E-08 
1.3E-09 
1.7E-09 
2.OE-09 
6.1E-09 
1.8E-09 
4.OE-10 
3.6E-10 
3.5E-10 
4.4E-09 
1 .5E-lO 
1.2E-10 
1.2E-10 
l . lE-10 
1.3510 
1.7E-10 
1.4E-10 
2.OE-10 
4.9E-10 
4.9E-10 
1.6E-10 
2.5E-10 
1.8E-10 
1.8E-10 
1.2E-10 

Total Dose I 
GM (Sv/year) GSD 

1 
2.3 
2.2 

2.2 
2.2 
2.2 
2.2 

2.2 

2.2 

2.2 
2.1, 
2.1, 

2.2 
2.1, 

1.9 

2.1, 
1.9) 
1.9, 
1.9 

2.2 

2.2 

2.2 

2.2 

2.1 

1.9 

1.9 

2.0 

1.9 
1.9' 1 
1.81 

2.11 

1.91 1.9 
1.81 
1.91 
1.91 
1.81 

1 
2.01 



pY-7.XLS 

Year 

1953 
1954 
1965 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1983 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (Svlyeer) GSD 

6.7E-12 
2.2E- 10 
2.M-10 
8.OE-10 
5.1 E-08 
l.lE-08 
4.5 E-09 
4.5509 
5.1 E-09 
1.1 E-08 
1.3E-08 
9.6E-09 
2.2E-08 
l.lE-09 
1.4E-09 
1.7E-09 

, 4.5E-09 
1.3E-09 
2.5E-10 
2.1E-10 
2.1 E-10 
3.8E-09 
4.2E-11 
1.7E-11 
1.7E-11 
1.2E-11 
2.3E-11 
6.1511 
3.M-11 
8.3E-11 
3.2E-10 
3.2E-10 
3.8E-11 
1.2E-10 
6.4E-11 
6.4E-11 
1.9E-11 

2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 

Soil Ingestion 
GM ISvlyearI GSD 

8.2E-16 
2.8E-14 
6.5E-14 
1.8E-13 
6.5E-12 
8.4E-12 
9.2E-12 
1.OE-11 
1.1E-11 
1.3E-11 
1.5E-11 
1.M-11 
2.051 1 
2.OE-11 
2.OE-11 
2.OE-11 
2.1E-11 
2.1E-11 
2.1E-11 
2.1E-11 
2.1E-11 
2.2E-11 
2.2E-11 
2.251 1 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.2E-11 

3.9 
3.8 
3.6 
3.6 
3.8 
3.5 
3.6 
3.6 
3.3 
3.2 
3.3 
3.4 
3.2 
3.4 
3.2 
3.5 
3.3 
3.4 
3.3 
3.2 
3.1 
3.2 
3.3 
3.3 
3.3 
3.2 
3.1 
3.4 
3.3 
3.3 
3.1 
3.2 
3.1 
3.2 
3.2 
3.4 
3.2 

Vegetable Ingestion 
GM (Sv/year) GSD 

1 .1E-l3 
3.6E-12 
4.OE-12 
1.3E-11 
8.2E-10 
1.7E-10 
7.3E-11 
7.3E-11 
8.3E-11 
1.7E-10 
2.OE-10 
1.6E-10 
3.6E-10 
1.9E-11 
2.4E-11 
2.951 1 
7.4E-11 
2.3E-11 
5.4E-12 
4.6E-12 
4.7E-12 
6.4E-11 
1.5E-12 
9.1E-13 
9.1E-13 
7.7E-13 
1.lE-12 
1.7E-12 
1.3E-12 
2.4E-12 
6.5E-12 
6.6E-12 
1.4E-12 
3.1E-12 
2.OE-12 
1.9E-12 
9.6E-13 

3.2 
3.3 
3.3 
3.5 
3.3 
3.3 
3.4 
3.2 
3.2 
3.2 
3.3 
3.3 
3.2 
3.3 
3.1 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.6 
4.1 
4.0 
4.4 
3.8 
3.5 
3.6 
3.4 
3.1 
3.2 
3.6 
3.2 
3.3 
3.4 
4.0 

Ground Exposure 
GM (Sv/yearI GSD 

1 .1E-l7 
3.9E-16 
8.8E-16 
2.5E-15 
8.9E-14 
l.lE-13 
1.3E-13 
1.4E-13 
1.5E-13 
1.7E-13 
2.OE-13 
2.2E-13 
2.7E-13 
2.7E-13 
2.7513 
2.8E-13 
2.951 3 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.051 3 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 

2.7 
2.6 
2.3 
2.2 
2.5 
2.4 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0' 
2.1 
2.1. 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
1.9 
2.0 

NOTES: 
1) E-01 Is the same aa the value divided by 10'; E-02 Is the same as the value divided by 10.: etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

1 of 2 

Immersion 
GM ISvlyear) GSD 

6.5E-22 
2.1E-20 
2.4E-20 
7.7E-20 
4.9E-18 
1 .OE-l8 
4.3E-19 
4.3E-19 
5.OE-19 
1 .OE-l8 
1.2E-18 
9.3E-19 
2.1E-18 
1 .OE-1 9 
1.3E-19 
1.6E-19 
4.3E-19 
1.2E-19 

' 2.4E-20 
2.OE-20 
2.OE-20 
3.7E-19 
4.OE-21 
1.M-21 
1.M-21 
l.lE-21 
2.2E-21 
5.OE-21 
3.4521 
8.1E-21 
3.1 E-20 
3.1 E-20 
3.7E-21 
1 .2E-20 
6.2E-21 
6.2E-21 
1.8E-21 

2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 



Plth~sy-Spdfk Darer Asrodat& dth R h m  Alrbome R d e m ~  of Phtonha-239/240 Icontinudl 
Sector 7 
(1953 - 1989) 

Year - 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
G M  (Svlyesr) GSD 

7.6E-18 
2.6E- 16 
8.OE-18 
1.7E-15 
6.1 E-1 4 
7.8E-14 
8.M-14 
9.3E-14 
1 .OE-13 
1.2E-13 
1.4E-13 
1 .5E-l3 
1.8E-13 
1.8E-1 3 
1.9E-13 
1.9E-13 
2.OE-13 
2.0513 
2.OE-13 
2.OE-13 
2.OE-13 
2.1 E-1 3 
2.1 E-1 3 
2.1 E-1 3 
2.1E-13 
2.1 E-1 3 
2.1 E-1 3 
2.OE-13 
2.1 E-1 3 
2.1E-13 
2.1 E-1 3 
2.1 E-1 3 
2.1 E-13 
2.1 E-13 
2.1 E-1 3 
2.1 E-1 3 
2.lE-13 

9.9 
9.3 
9.7 
8.2 
9.4 
9.6 
8.6 
8.8 
8.7 
8.8 
9.1 
9.0 
8.4 
8.3 
8.8 
8.7 
9.0 
8.8 
9.0 
6.8 
8.4 
8.6 
8.7 
8.4 
8.8 
8.7 
9.4 
9.3 
8.7 
9.3 
8.9 
9.0 
8.5 
8.8 
9.0 
8.7 
8.6 

Milk Ingestion 
GM (Sv/year) GSD 

7.7E-18 
2.5E-16 
3.1 E-1  6 
9.7E-16 
5.8E-14 
1.7E-14 
1.1E-14 
1 . 1  E-1 4 
1.2514 
2.OE-14 
2.3514 
2.OE-14 
3.7E-14 
1 . 1  E-1 4 
l.lE-14 
1.2E-14 
1.M-14 
1.2E-14 
1 .OE-14 
9.9515 
9.8E-15 
1 BE-14 
9.8E-15 
9.7515 
9.7E-15 
9.7E-15 
9.7515 
9.8E-15 
9.8E-15 
9.9E-15 
1.OE-14 
1.OE-14 
9.9E-15 
1.OE-14 
1.OE-14 
9.9E-15 
9.6E-15 

4.8 
5.2 
4.7 
4.8 
4.9 
4.3 
4.1 
4.1 
4.2 
4.2 
4.2 
4.0 
4.3 
4.0 
4.0 
4.1 
4.2 
3.9 
4.0 
4.1 
4.1 
4.1 
4.2 
4.0 
4.1 
3.9 
4.2 
3.9 
4.0 
4.3 
4.1 
4.0 
4.3 
4.1 
4.1 
4.1 
4.0 

Beef Ingestion 
GM (Svlyear) GSD 

5.5E-17 
1.8E-15 
2.2615 
6.9E-15 
4.2E-13 
1 .2E-13 
7.3E-14 
7.7E-14 
8.4514 
1.4E-13 
1.6E-13 
1.4E-13 
2.6E-13 
7.3E-14 
7.9E-14 
8.2E-14 
1'.1€-13 
8.OE-14 
6.M-14 
6.5E-14 
6.5E-14 
1 . 1  E-1 3 
6.4E-14 
6.3E-14 
6.4E-14 
6.4E-14 
6.4E-14 
6.5E-14 
6.4E-14 
6.5E-14 
6.9E-14 
7.OE-14 
6.5E-14 
6.6514 
6.5E-14 
6.5E-14 
6.5E-14 

4.2 
4.3 
4.1 
4.2 
4.3 
3.6 
3.6 
3.4 
3.6 
3.7 
.3.6 
3.6 
3.7 
3.5 
3.4 
3.5 
3.5 
3.4 
3.6 
3.6 
3.6 
3.3 
3.5 
3.6 
3.7 
3.7 
3.6 
3.6 
3.6 
3.5 
3.5 
3.4 
3.7 
3.4 
3.6 
3.6 
3.7 

Inhalation of 
Resuspended Particulates 
GM ISvlvearl GSD 

NOTES: 
1 )  E-01 is the same ma the vslue divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv - Sievert; 1 Sv = 1 0 0  rem 

1.7E-15 
5.9E-14 
1.3E-13 
3.7E-13 
1.4E-11 
1.7E-11 
1.9E-11 
2.1E-11 
2.2E-11 
2.6E-11 
3.OE-11 
3.3E-11 
4.1E-11 
4.1E-11 
4.1E-11 
4.2E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.551 1 
4.M-11 
4.5E-11 
4.5E-11 
4.5E-11 
4.6E-11 
4.651 1 
4.651 1 
4.5E-11 
4.M-11 
4.M-11 
4.6E-11 
4.651 1 
4.6E-11 
4.6E-11 
4.6E-11 

3.1 
3.1 
2.8 
2.9 
3.1 
2.8 
2.6 
2.7 
2.8 
2.7 
2.7 
2.6 
2.6 
2.6 
2.4 
2.6 
2.6 
2.4 
2.5 
2.4 
2.5 
2.5 
2.6 
2.4 
2.5 
2.6 
2.6 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.4 
2.6 
2.5 
2.5 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

1.M-25 
5.7E-24 
1.3E-23 
3.6E-23 
1.3E-21 
1.7E-21 
1.8E-21 
2.OE-21 
2.2E-21 
2.5E-21 
2.9E-21 
3.2E-21 
3.9E-21 
4.OE-21 
4.OE-21 
4.1E-21 
4.2521 
4.2E-21 
4.3521 
4.3E-21 
4.3E-21 
4.4E-21 
4.4E-21 
4.4621 
4.4E-21 
4.4E-21 
4.4521 
4.4E-21 
4.4E-21 
4.4E-21 
4.4E-21 
4.4521 
4.4E-21 
4.4E-21 
4.4521 
4.4E-21 
4.4E-21 

3.1 
3.1 
2.8 
2.9 
3.1 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.8 
2.6 
2.6 
2.4 
2.6 
2.6 
2.6 
2.4 
2.5 
2.8 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.6 
2.6 
2.7 
2.6 
2.8 
2.4 
2.6 
2.5 
2.5 

1 
lotel Dose , 

GM ISvlyearl GSD 

8.9E-12 
2.3E-10 
2.5E-10 
8.2E-10 
6.2E-08 
1 . 1  E-08 
4.7E-09 
4.7E-09 
6.3E-09 
1 . 1  E-08 
1.3E-08 
1 .OE-08 
2.3E-08 
1.2E-09 
1.6E-09 
1.8E-09 
4.7E-09 
1.4E-09 
3.7E- 10 
3.2E-10 
3.3E-10 
4.1 E-09 
l.4E-10 
l.lE-10 
l.lE-10 
1.OE-10 
1.2E-10 
1.6E-10 
1.X-10 
1.9E-10 
4.M-10 
4.5E-10 
1.4E-10 
2.3E-10 
1.7E-10 
1.7E-10 
l.lE-10 

1 

2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

2.3 

2.2 
2.2 

2.2 
2.'1 
2.1 

2.3 
2.2 

2.11 
1.9 
1 .,8 

2! 1 

1 I9 

1 :9 

1.9 

1.9 
1.9 

210 

1 !9 

1.9 

1 19 

2;0 
1.9 

1.9 
1 !6 
1.9 
1 
1 !9 
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Pah~SygpedRc Do= Auodstsd wfth R ~ M  A l b m ~  R&USO Of PtUldnl~m-239/240 
Sector 8 
(1953 - 1989) 

Year 

1953 
1954 
1965 
1958 
1957 
1958 
1959 
1960 
1961 

' 1982 
1963 
1964 
1965 
1968 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1969 - 

Inhalation 
GM (Svlyearl GSD 

2.2E-11 
7.3E-10 
8.1E-10 
2.8E-09 
1.7E-07 
3.5508 
1.5E-08 
1.5E-08 
1.7E-08 
3.5E-08 
4.1 E-08 
3.2E-08 
7.3E-08 
3.6E-09 
4.6E-09 
5.5E-09 
1.5E-08 
4.2E-09 
8.3E-10 
6.8E-10 
7.OE-10 
1.3E-08 
1.4E-10 
6.5E-11 
6.5E-11 
3.6E-11 
7.6E-11 
1.7E-10 
1.2E-10 
2.7E- 10 
1.1 E-09 
1.1 E-09 
1.3E-10 
4.OE-10 
2.1E-10 
2.1 E-10 
6.2E-11 

2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 

Soil Ingestion 
GM ISv/yearl GSD 

2.7E-15 
9.3E-14 
2.1 E-1 3 
5.9E-13 
2.2E-11 
2.8E-11 
3.OE-11 
3.351 1 
3.6E-11 
4.1E-11 
4.8E-11 

6.5E-11 
5.3E-11 

6.5E-11 
6.6E-11 
6.7E-11 
6.9E-11 
7.OE-11 
7.051 1 
7.OE-11 
7.OE-11 
7.3E-11 
7.3E-11 
7.3E-11 
7.3E-11 
7.351 1 
7.3E-11 
7.3E-11 
7.351 1 
7.3E-11 
7.3E-11 
7.3E-11 
7.3E-11 
7.3E-11 
7.3E-11 
7.X-11 
7.3E-11 

3.7 
3.7 
3.7 
3.6 
3.7 
3.3 
3.5 
3.3 
3.2 
3.4 
3.3 
3.1 
3.1 
3.1 
3.2 
3.1 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.5 
3.1 
3.3 
3.1 
3.3 
3.2 
3.3 
3.2 
3.1 
3.2 
3.3 
3.4 
3.2 
3.3 

Vegetable Ingestion 
GM ISvlyear) GSD 

3&13 
1.2E-11 
1.3E-11 
4.2E-11 
2.7E-09 
5.6510 
2.4E- 10 
2.4E-10 
2.8E-10 
5.6E-10 
6.7510 
5.1 E-10 
1.2E-09 
6.4E-11 
7.9E-11 
9.4E-11. 
2.5E-10 
7.4E-11 
1 .BE-1 1 
1.W-11 
1.5E-11 
2.1 E-10 
4.8E-12 
2.9E-12 
3.OE-12 
2.5E-12 
3.5E-12 
5.5E-12 
4.5E-12 
7.6E-12 
2.2E-11 
2.2E-11 
4.7E-12 
1.OE-11 
6.5E-12 
6.5E-12 
3.2E-12 

3.3 
3.2 
3.4 
3.2 
3.5 
3.4 
3.2 
3.2 
3.5 
3.3 
3.2 
3.2 
3.3 
3.1 
3.1 
3.3 
3.4 
3.3 
3.1 
3.0 
3.0 
3.5 
3.6 
4.1 
4.2 
4.4 
3.7 
3.4 
3.7 
3.3 
3.0 
3.2 
3.8 
3.3 
3.3 
3.4 
4.2 

Ground Exposure 
GM ISvlyear) GSD 

3.7E-17 
1.3E-15 
2.9E-15 
8.1E-15 
2.9E-13 
3.8E-13 
4.1E-13 
4.5513 
4.9513 
5.7E-13 
6.M-13 
7.3E-13 
8.9E-13 
8.9E-13 
9.OE-13 
9.2E-13 
9.5E-13 
9.6E-13 
9.6E-13 
9.N-13 
9.6E-13 
9.951 3 
9.951 3 
9.9E-13 
1.OE-12 
9.9E-13 
1 .OE-12 
9.951 3 
1.OE-12 
1 .OE-12 
1 .OE-l2 
1 .OE-12 
1.OE-12 
1 .OF1 2 
1.OE-12 
1 .OE-12 
1 .OE-l2 

2.8 
2.6 
2.4 
2.2 
2.6 
2.2 
2.2 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
1.9 
1.9 
2.0 
1.9 

NOTES: 
1) E-01 Is the same as the value divided by 10': E-02 is the same as the value divided by 10': etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv - Sievert; 1 Sv = 100 rem 

1 ot 2 

Immersion 
GM (Sv/year) GSD 

2.1E-21 
7.1 E-20 
7.9E-20 
2.M-19 
1.W-17 
3.4E-18 
1.4E-18 
1.4E-18 
1.6E-18 
3.4E-18 
4.OE- 18 
3.1518 
7.OE-18 
3.5E-19 
4.4E-19 
6.3E-19 
1.451 8 
4.1 E-1 9 
8.1 E-20 
6.6E-20 
6.7520 
1.2E-18 
1.3E-20 
5.3E-21 
6.3E-21 
3.7E-21 
7.4E-21 
1.6E-20 
l.lE-20 
2.7E-20 
1 .OE-19 
1 .OE-1 9 
1.2E-20 
3.9E-20 
2.OE-20 
2.OE-20 
6.OE-21 

2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 



Pathway-SpdRc Doses Assodaad with Routlne Airborne Release of Plutonlum-239/240 (continued) 
Sector 8 
I1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

_ _ _ ~ ~  ~ _ _ _ _ _ ~ ~  

Wheat Ingestion 
GM (Svlyearl GSD 

2.5E-17 
8.7E-18 
2.OE-16 
5.5E-15 
2.OE-13 
2.6E-13 
2.8E-13 
3.1E-13 
3.3E-13 
3.9E-13 
4.5E-13 
5.OE-13 
8.1 E-1 3 
6.1 E-1 3 
6.2E-13 
6.2E-13 
6.5E-13 
6.651 3 
6.6E-13 
6.6E-13 
6.M-13 
6.8E-13 
8.8E-13 
6.8E-13 
6.8E-13 
8.8E-13 
6.8E-13 
8.8E-13 
8.8E-13 
8.8E-13 
6.8E-13 
6.8E-13 
e:eE-13 
6.851 3 
6.8E-13 
6.8E-13 
6.8E-13 

9.7 
8.9 
9.1 
8.8 
9.3 
8.7 
9.8 
9.2 
9.0 
8.6 
8.8 
8.8 
8.8 
8.6 
8.5 
9.0 
9.2 
8.5 
8.8 
8.7 
8.5 
8.8 
8.3 
9.0 
9.0 
8.9 
8.8 
8.7 
8.7 
8.8 
9.7 
8.6 
8.9 
8.6 
8.9 
8.9 
8.4 

Milk Ingestion 
GM (Svhearl GSD 

' 2.5E-17 
8.3E-16 
1.OE-15 
3.2E-16 
1.9E-13 
5.7E-14 
3.4E-14 
3.6E-14 
4.OE-14 
6.4E-14 
7.5E-14 
6.8E-14 
1.2E-13 
3.5E-14 
3.8E-14 
3.9E-14 
5.4E-14 
3.9E-14 
3.3E-14 
3.2E-14 
3.3514 
5.3E-14 
3.2E-14 
3.2E-14 
3.2614 
3.2E-14 

' 3.2E-14 
3.2E-14 
3.2E-14 
3.3E-14 
3.5E-14 
3.5E-14 
3.2E-14 
3.3E-14 
3.3E-14 
3.3E-14 
3.2E-14 

4.9 
4.5 
4.6 
4.5. 
5.1 
4.2 
4.1 
3.9 
3.9 
4.5 
4.1 
4.1 
4.1 
3.9 
3.9 
3.9 
4.0 
3.8 
4.2 
3.9 
4.0 
3.6 
4.2 
4.0 
4.4 
4.1 
4.0 
4.2 
4.1 
4.0 
4.1 
3.9 
4.1 
4.1 
4.0 
4.3 
4.2 

Beef Ingestion .. 

GM (Svlyear) GSD 

1.8E-16 
6.0E-15 
7.3E-15 
2.3E-14 
1.451 2 
4.OE-13 
2.4E-13 
2.5E-13 
2.8E-13 
4.5E-13 
5.3E-13 
4.6E-13 
8.5E-13 
2.4E-13 
2.6E-13 
2.7E-13 
3.7E-13 
2.6E-13 
2.2E-13 
2.1E-13 
2.2E-13 
3.7E-13 
2.1E-13 
2.1 E-1 3 
2.1E-13 
2.1 E-1 3 
2.1E-13 
2.1E-13 

'2.1 E-13 
2.2513 
2.3E-13 
2.3E-13 
2.1E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.1E-13 

3.9 
4.1 
3.6 
4.3 
4.1 
3.7 
3.7 
3.6 
3.4 
3.6 
3.5 
3.7 
3.5 
3.6 
3.4 
3.4 
3.4 
3.2 
3.7 
3.5 
3.4 
3.3 
3.6 
3.4 
3.7 
3.2 
3.6 
3.7 
3.5 
3.7 
3.5 
3.7 
3.7 
3.7 
3.4 
3.8 
3.8 

Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

5.6E-15 
1.9E-13 
4.4E-13 
1.2E-12 
4.4E-11 
5.7E-11 
6.351 1 
6.8E-11 
7.4E-13 
6.5E-11 
9.9E-11 
l . lE-10 
1.3E-10 
1.3E-10 
1.4E-10 
1.4E-10 
1.4E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5510 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 
1 .5E-lO 
1.5E-10 

3.1 
3.2 
2.8 
2.7 
3.0 
3.0 
2.7 
2.6 
2.7 
2.7 
2.5 
2.6 
2.6 
2.8 
2.7 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.6 
2.4 
2.6 
2.4 
2.6 
2.6 
2.5 
2.4 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 

NOTES: 
1) E-01 is the srme es the value divided by 10'; E-02 is the same as the value divided by 10'; ctc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

5.4E-25 
1.9E-23 
4.3E-23 
1 .2E-22 
4.3521 
5.6521 
8.1E-21 
6.6E-21 
7.1E-21 
8.3E-21 
9.6E-21 
1.1 E-20 
1.3E-20 
1.3E-20 
1.3E-20 
1.3E-20 
1.4E-20 
1.4E-20 
1.4E-20 
1.4E-20 
1.4E-20 
1.5520 
1.5E-20 
1.5E-20 
1.5E-20 
1.4E-20 
1.4E-20 
1.5E-20 
1.5E-20 
1.6E-20 
1.5E-20 
1.5E-20 
1.5E-20 
1.5E-20 
1.5E-20 
1.6E-20 
1.5E-20 

3.1 
3.1 
2.8 
2.8 
2.9 
2.8 
2.6 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.7 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.4 
2.6 
2.4 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 

Total Dose i 
GM (Svlyear) GSD 

, 
2 .X-11  
7.5E-10 
8.3E-10 
2.7E-09 
1.7E-07 
3.6E-08 
1.5E-08 
1.5E-08 
1.8E-08 
3.6E-08 
4.3E-08 
3.3E-08 
7.5E-08 
4.1 E-09 
6.1 E-09 
6.OE-09 
1.6E-08 
4.8E-09 
1.2E-09 

' l . lE-09 
l.lE-09 
1.3E-08 
4.6E-10 
3.M-10 
3.6E-10 
3.3E-10 
3.8E-10 
5.0510 
4.4E-10 
6.2E-10 
1.5E-09 
1.5E-09 
4 .55  10 
7.7E-10 
5.6E-10 
5.5E- 10 
3.7E-10 

2.2 
2.2 

2.2 
2.2 

2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 

2. f 
2.2 
2.7 
2.2 
2 4  
2.0 
1.9 

2.2 
1 .e 

1 !9 
1!9 
1!9 
1!9 
1!8 
2!0 
119 
1!9 
1!9 
1!8 
1!9 
2!0 

1 

2.2 

1.9 

2.0 
1.9 



W-9.XLS 

Ssaor 9 
(1953 - 1989) - 

Year - 
1953 
1954, 
1955 
1958 
1957 
1958 
1959 
1980 
1981 
1982 
1983 
1964 
1985 
1966 
1967 
1988 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 - 

Inhalation 
GM ISvlyeer) GSD 

9.6E-12 
3.2E-10 
3.5E-10 
l.lE-09 
7.4E-08 
1.5E-08 
6.4E-09 
8.4E-09 
7.3 E-09 
1.5E-08 
1.8E-08 
1.4E-08 
3.2E-08 
1.6E-09 
2.OE-09 
2.4E-09 
6.4E-09 
1.8E-09 
3.6E-10 
3.OE- 1 0 
3.OE- 10 
5.5 E-09 
6.OE-11 
2.4E-11 
2.4E-11 
1.751 1 
3.3E-11 
7.4E-11 
5.1E-11 
1.2E-10 
4.8E-10 
4.6E-10 
5.5E-11 
1.7E-10 
9.2E-11 
9.2E-11 
2.7E-11 

2.3 
2.2 
2.2 
2.1 
2.2 
2.2 
2.3 . 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 

Soil Ingestion 
GM ISvlyear) GSD 

1.2E-15 
4.1 E-14 
9.4E-14 
2.6E-13 
9.4E-12 
1.2E-11 
1.3E-11 
1.4E-11 
1.5E-11 
1 BE-1 1 
2.1511 
2.3E-11 
2.8E-11 
2.8E-11 
2.9E-11 
2.9E-11 
3.051 1 
3.OE-11 
3.OE-11 
3.1E-11 
3.OE-11 
3.1E-11 
3.1E-11 
3.1E-11 
3.1E-11 
3.1E-11 
3.1E-11 
3.1511 
3.1E-11 
3.1E-11 
3.2E-11 
3.2E-11 
3.2E-11 
3.2E-11 
3.2E-11 
3.2E-11 
3.251 1 

3.6 
3.9 
3.5 
3.2 
3.7 
3.8 
3.4 
3.4 
3.3 
3.4 
3.4 
3.3 
3.2 
3.2 
3.2 
3.3 
3.4 
3.5 
3.4 
3.1 
3.3 
3.3 
3.2 
3.3 
3.2 
3.1 
3.1 
3.3 
3.1 
3.3 
3.3 
3.4 
3.3 
3.1 
3.4 
3.1 
3.3 

Vegetable Ingestion 
GM ISvlyearI GSD 

1.6E-13 
5.1E-12 
5.7E-12 
1 .e€-1 1 
1.2E-09 
2.5E-10 
1 . 1  E - 1 0  
1 . 1  E - 1 0  
1.2E-10 
2.5E- 10 
2.9E-10 
2.2E-10 
5.1E-10 
2.8E-11 
3.5E-11 
4.2E-11 
1 . 1  E - 1 0  
3.2E-11 
7.8E-12 
6.7E-12 
6.7512 
9.2E-11 
2.251 2 
1.3E-12 
1.3E-12 
1 . 1  E-12 
1.5E-12 
2.4E-12 
2.OE-12 
3.3E-12 
9.4E-12 
9.6E-12 
2.OE-12 
4.4E-12 
2.8E-12 
2.8E-12 
1.4E-12 

3.1 
3.2 
3.3 
3.5 
3.5 
3.3 
3.3 
3.4 
3.4 
3.2 
3.4 
3.2 
3.2 
3.2 
3.0 
3.2 
3.3 
3.1 
3.2 
3.2 
3.1 
3.3 
3.5 
4.0 
4.0 
4.7 
4.0 
3.7 
3.7 
3.2 
3.0 
3.1 
3.7 
3.1 
3.4 
3.4 
4 .0  

Ground Exposure 
GM (Svlyearl GSD 

1.6E-17 
5.8E-16 
1.351 5 
3.5E-15 
1.3E-13 
1.6E-13 
1 .8E.1 3 
1.9E-13 
2.1E-13 
2.5E-13 
2.9E-13 
3.2E-13 
3.8E-13 
3.9E-13 
3.9E-13 
4.OE-13 
4.1E-13 
4.2E-13 
4.2513 
4.2513 
4.2E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 
4.3E-13 

2.8 
2.6 
2.3 
2.2 
2.5 
2.4 
2.2 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

NOTES: 
1 )  E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; stc. 
2) GM Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

1 or 2 

Immersion 
GM Ilvlyear) GSD 

9.3E-22 
3.1 E-20 
3.4E-20 
l.lE-19 
7.1E-18 
1.5E-18 
8.2E-19 
8.2E-19 
7.1E-19 
1.5E-18 
1.7E-18 
1.351 8 
3.1 E-18 
1.5E-19 
1.9E-19 
2.3E-19 
8.2E-19 
1.8E-19 
3.5E-20 
2.9E-20 
2.9E-20 
5.3E-19 
6.8E-21 
2.3E-21 
2.3E-21 
1.8E-21 
3.2E-21 
7.1E-21 
4.9E-21 
1.2E-20 
4.5E-20 
4.5E-20 
6.3E-21 
1.7E-20 
8.9E-21 
8.9E-21 
2.6E-21 

2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 



Pathway-Spedfk Dower Aaoodated whh Routhm Alrbome Release of PIutonhan-239/240 (eontlnwd) 
Sector 9 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 

1959 
1960 
1961 
1962 
1983 
1964 
1965 
1966 
1967 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1981 

1983 
1984 

1986 
1987 
1988 
1989 

i 9513 

i98a 

i 980 

1982 

19135 

Wheat Ingestion 
GM (Svlyear) GSD 

l . lE-17 
3.8E-18 
8.7E-16 
2.4E-15 
8.8E-14 
1.1 E-1 3 
1.2E-13 
1.3E-13 
1.5E-13 
1.7E-13 
2.OE-13 
2.2E-13 
2.M-13 
2.6E-13 
2.7E-13 
2.7E-13 
2.8E-13 
~ . a ~ - i 3  

2.1x-13 
2.8E-13 

2.8E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
2.9E-13 
3.OE-13 
3.OE-13 
3.OE-13 
3.OE-13 
2.9E-13 
3.OE-13 

9.0 
10.1 
9.8 
9.4 
9.8 
8.4 
8.9 
9.2 
8.8 
8.9 
8.6 
8.4 
8.6 
9.1 

8.7 
9.0 
8.3 
8.3 
8.1 

8.7 

8.8 
8.8 
9.0 
9.3 
8.8 

8.5 
8.7 
9.2 
8.6 

9.3 

8.4 
8.3 
9.3 
9.2 

8.7 

8.8 

8.8 

Milk Ingestion 
GM ISv/year) GSD 

' l . lE-17 
3.7E-16 
4.4E-16 
1.4E-15 
a . 4 ~ - 1 4  
2.5514 
1.5E-14 
1.6E-14 
1.7E-14 
2 .8~ -14  
3.3E-14 
2.9E-14 
5.3E-14 
1.5E-14 
1.6E-14 
1.7E-14 
2.4E-14 
1.7E-14 
1.4E-14 
1.4E-14 
1.4E-14 
2.3E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.5E-14 
1.5514 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 
1.4E-14 

4.7 
4.6 
4.5 
4.7 
4.6 
4.5 
3.9 
4.2 
4.2 
4.3 
4.3 
4.1 
4.4 
4.1 
4.1 
4.0 
4.3 
4.2 
3.8 
3.8 
3.9 
4.1 
4.0 
4.1 
4.1 
3.9 
4.4 
4.2 
4.0 
3.9 
3.7 
4.3 
4.1 
4.2 
4.2 
4.1 
3.9 

Beef Ingestion 
GM (Svlyear) GSD 

7.8E-17 
2.6E-15 
3.2E-15 
1 .OE-14 
6.1E-13 
1.E-13 
1.1 E-1 3 
l . lE-13 
1.2E-13 
2.OE-13 
2.3E-13 
2.OE-13 
3.7E-13 
1.OE-13 
l . lE-13 
1.2E-13 
1.6E-13 
l . lE-13 
9.4E-14 
9.3514 
9.4E-14 
1.6E-13 
9.2E-14 
9.1E-14 
9.1 E-1 4 
9.1 E-14 
9.1 E-14 
9.2514 
9.2E-14 
9.3E-14 
9.9E-14 
9.9E-14 
9.2514 
9.4E-14 
9.3E-14 
9.3E-14 
9.3E-14 

4.2 
4.5 
4.0 
4.1 
4.0 
3.7 
3.5 
3.4 
3.5 
3.5 
3.6 
3.7 
3.7 
3.6 
3.4 
3.2 
3.5 
3.3 
3.5 
3.5 
3.6 
3.6 
3.5 
3.8 
3.6 
3.6 
3.6 
3.7 
3.9 
3.6 
3.5 
3.6 
3.8 
3.6 
3.6 
3.8 
3.8 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

2.4E-15 
8.4E-14 
1.9E-13 
5.3E-13 
1.9E-11 
2.5E-11 
2.7E-11 
2.9E-11 
3.2E-11 
3.7E-11 
4.3E-11 
4.6E-11 
5.8E-11 
5.EE-11 
5.9E-11 
6.OE-11 
6.251 1 
6.3E-11 
6.3E-11 
6.3E-11 
6.3E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.551 1 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 
6.5E-11 

3.1 
3.1 
2.8 
2.8 
3.0 
3.0 
2.9 

2.7 
2.8 
2.7 
2.8 
2.6 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.5 
2.5 
2.4 
2.6 
2.6 
2.7 
2.4 
2.7 
2.6 
2.5 
2.4 
2.6 
2.6 
2.6 
2.4 
2.6 
2.4 
2.5 

2.8 

NOTES: 
1) E-01 is the same a8 the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 

Immersion in 
Resuspended Particulates 
GM (SvlyearJ GSD 

2.4E-25 
8.2E-24 
1.9E-23 
5.1E-23 
1.9E-21 
2.4E-21 
2.M-21 
2.8E-21 
3.1E-21 
3.6E-21 
4.2E-21 
4.6E-21 
5.6E-21 
5.7E-21 
5.7E-21 
5.8E-21 
6.OE-21 
6.1 E-21 
6.1 E-21 
6.1E-21 
6.1 E-21 
6.3E-21 
6.3E-21 
6.3E-21 
6.3E-21 
6 .X -2  1 
6.3E-21 
6.3E-21 
6.3E-21 
6.3E-21 
6.3E-21 
~ . ~ E - z I  
a . 3 ~ - 2 1  
8.3E-21 
6.3E-21 
8.3E-21 
6.3E-21 

3.1 
3.1 

2.9 
3.1 
3.0 
2.9 

2.7 

2.7 
2.6 
2.6 
2.6 
2.6 
2.7 
2.5 
2.6 
2.7 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 

,2.5 
L 2 . 8  
2.5 
2.5 
2.5 

2.5 
2.6 
2.5 
2.8 
2.4 
2.5 

2.8 

2.8 

2.13 

2.6 

I 
Total Dose ' I 

GM (Svlyeerl GSD 

'9.9E-12 
3.3E-10 
3.6E-10 
1.2E-09 
7.M-08 
1.6E-08 
6.7E-09 
6.7E-09 
7.M-09 
1.6E-08 
1.9E-08 

3.3E-08 
1 .8E-09 
2.2E-09 
2. BE-09 
6.8E-09 
2.1E-09 
6.3E-10 
4.7E-10 
4.7510 
5.9E-09 
2.OE-10 
1.6E-10 
1.5E-10 
1.4E- 10 
1.7E-10 
2.2E-10 
.1.9E-10 
2.7E-10 
6.4E-10 
6.4E-10 
2.OE-10 
3.4E-10 
2.4E-10 
2.4E-10 
1.6E-10 

1 . 4 ~ - o a  

I 
2.2 
2.2 

2.1, 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.1 

2.: 
2.2 
2.f 

1 .a 
1.9 
2.2 
1 .s 
2 .,o 

210 
2 io 
1 ;9 
1 i8 
1 .a 
119 
2!0 
1!9 

i .a 
119 

I 

2.2 

2.1 

2.1 

2.0 

2.0 

1.9 
119 
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Pathway-SpedRc Dosea Asrocfaed wfth Routine Airborne R e l e ~ e  of Plutonlum-2391240 
Sector 10 
11953 - 19891 

Year 

1953 
1954 
1955 
1966 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~~ ~~~ 

Inhalation 
GM ISvlyearl GSD 

3.9E-12 
1.3E-10 
1.4E-10 
4.6E-10 
2.9E-08 
6.1 E-09 
2.M-09 
2.6E-09 
3.OE-09 
6.1 E-09 
7.2E-09 
5.5E-09 
1.3E-08 
6.3E-10 
7.9E-10 
9.6E-10 
2.6E-09 
7.4E-10 
1.5E-10 
1.2E-10 
1.2E-10 
2.2E-09 
2.4E-11 
9.651 2 
9.6E-12 
6.6E-12 
1.3E-11 
3.OE-11 
2.OE-11 
4.8E-11 
1.8E-10 
1.8E-10 
2.2E-11 
7.OE-11 
3.7E-11 
3.7E-11 
1.lE-11 

2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 

,2.3 
2.2 
2.2 
2.2 

Soil Ingestion 
GM ISvlyearl GSD 

4.7E-16 
1 :6E-14 
3.8E-14 
1 .OE-l3 
3.7E-12 
4.8E-12 
5.3E-12 
5.75 1'2 
6.2E-12 
7.2E-12 
8.4E-12 
9.3E-12 
1.lE-11 
1.lE-11 
1.lE-11 
1.2E-11 
1.2E-11 
1.2E-11' 
1.2E-1 1 
1.2E-11 
1.2E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.351 1 
1.3E-11 
1.3E-11 
1.3E-11 
1.3E-11 
1.X-11 
1.3E-11 
1.3E-11 
1.X-11 
1.3E-11 
1.3E-11 
1.3E-11 

4.2 
3.9 
3.6 
3.4 
3.7 
3.6 
3.8 
3.5 
3.3 
3.6 
3.3 
3.4 
3.3 
3.2 
3.4 
3.3 
3.3 
3.1 
3.4 
3.3 
3.4 
3.3 
3.3 
3.4 
3.2 
3.2 
3.2 
3.3 
3.2 
3.4 
3.4 
3.2 
3.4 
3.1 
3.2 
3.2 
3.3 

Vegetable Ingestion 
GM (Svlyear) GSD 

6.2E-14 
2.OE-12 
2.3E-12 
7.4E-12 
4.7E-10 
9.9E-11 
4.2E-11 
4.2E-11 
4.851 1 
9.951 1 
1.2E-10 
9.OE-11 
2.1E-10 
1.lE-11 
1.4E-11 
1.6E-11 
4.3E-11 
1.351 1 
3.1 E-1 2 
2.7E-12 
2.7E-12 
3.7E-11 
8.6E-13 
6.3513 
5.2E-13 
4.3E-13 
6.OE-13 
9.5E-13 
7.9E-13 
1.3E-12 
3.8E-12 
3.8E-12 
8.OE-13 
1.8E-12 
l.lE-12 
1.2E-12 
5.5E-13 

3.3 
3.3 
3.6 
3.4 
3.4 
3.3 
3.5 
3.2 
3.5 
3.3 
3.2 
3.2 
3.3 
3.3 
3.2 
3.5 
3.2 
3.2 
2.9 
3.0 
3.2 
3.1 
3.5 
3.8 
4.3 
4.4 
3.7 
3.3 
3.7 
3.2 
3.2 
3.0 
3.5 
3.3 
3.4 
3.3 
4.1 

Ground Exposure 
GM ISvlyear) GSD 

6.5E-18 
2.2E-16 
5.2E-16 
1.4E-15 
5.2E-14 
6.6E-14 
7.2E- 14 
7.8514 
8.5E-14 
9.8E-14 
1.1 E-1 3 
1.3E-13 
1.5E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.751 3 
1.761 3 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 

2.6 
2.5 
2.4 
2.3 
2.5 
2.3 
2.3 
2.3 
2.2 
2.1 
2.2 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.1 
2 .o 
2.0 
2.1 

NOTES: 
11 E-01 is the same a5 the value divided by 10': E-02 is the same as the value divided by 10': atc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Immersion 
GM ISvlyear) GSD 

3.8E-22 
1.2E-20 
1.4E-20 
4.4E-20 
2.9E-18 
5.9519 
2.5E-19 
2.5E-19 
2.9E-19 
6.9E-19 
7.0519 
6.3519 
1.2E-18 
6.1 E-20 
7.7E-20 
9.3E-20 
2.6519 
7.1 E-20 
1.4E-20 
1.2E-20 
1 .2E-20 
2.1 E-1 9, 
2.3E-21 
9.3E-22 
9.3E-22 
6.4 E - 2 2 
1.3E-21 
2.9E-21 
2.OE-21 
4.6E-21 
1.8E-20 
1 .8E-20 
2.1 E-2 1 
6.8E-21 
3.6E-21 
3.M-21 
1.1E-21 

2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
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I 
I 
I 
I 
i 
i 
1 

Tots1 Dose i 
GM fSvlyearl GSD 

Pathwey-Spdfk Doses Auochted wkh Routlne Alrbome Rdesse of Ptulonlum-239/240 Icontlnued) 
SsCtM 10 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1981 
1962 
1983 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

'1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Sv/year) GSD 

4.4E-18 
1.5E-16 
3.5E-16 
9.5E-16 
3.5E-14 
4.5E-14 
4.9E-14 
6.36-14 
5.8E-14 
6.7E-14 
7.8E-14 
8.6E-14 
l.lE-13 
1.1 E-1 3 
1.1 E-1 3 
1.1 E-1 3 
1.1 E-1 3 
1.1 E-13 
l.lE-13 
1.1 E-1 3 
l.lE-13 
1.2E-13 
1.2E-13 

' 1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.251 3 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.2E-13 
1.251 3 

9.4 
9.3 
9.8 
8.9 
9.4 
9.2 
8.7 
8.8 
9.4 
8.7 
8.7 
8.7 
8.8 
8.6 
8.8 
9.0 
8.7 
9.2 
8.5 
9.2 
9.3 
8.9 
8.5 
9.2 
9.5 
8.5 
8.2 
8.2 
9.6 
8.2 
9.0 
9.4 
8.2 
8.9 
8.2 
9.0 
9.3 

Milk Ingestion 
GM ISvlyear) GSD 

4.4E-18 
1.5E-18 
1 .8E-l6 
5.8E-18 
3 .45  14 
9.9E-15 
6.1 E-15 
6.4E- 15 
6.9E-15 
1.1 E-1 4 
1.3514 
1.2E-14 
2.1 E-1 4 
6.2E-15 
6.6E-15 
7.OE-15 
9.4E-15 
6.7E-15 
5.7E-15 
5.6E-15 
5.7E-15 
9.1 E-1 5 
5.8E-15 
5.6E-15 
5.M-15 
5.M-15 
5.6515 
5 . 6 1 5  
5.M-15 
5.6E-15 
6.OE-15 
6.OE-15 
5.W-15 
5.8E-15 
5.7E-15 
5.7E-15 
5.6E-15 

4.8 
4.8 
4.5 
4.8 
4.5 
4.2 
4.3 
4.2 
4.2 
4.3 
3.9 
4.2 
4.4 
4.1 
4.1 
4.3 
4.1 
4.0 
4.3 
4.2 
4.1 
4.0 
4.0 
4.3 
4.0 
4.0 
4.1 
4.3 
4.1 
4.4 
3.9 
4.0 
4.0 
4.3 
4.3 
4.0 
4.3 

Beef Ingestion 
GM (Svlyearl GSD 

3.2E-17 
l.0E-15 
1.2E-15 
4.OE-15 
2.4E-13 
6.9E-14 
4.3Es.14 
4.3E-14 
4.8E-14 
7.9514 
9.1 E-1 4 
8.2E-14 
1.5E-13 
4.2E-14 
4.5E-14 
4.7E-14 
6.5E-14 
4.6514 
3.8E- 14 
3.7E-14 
3.8514 
8.2E-14 
3.7E-14 
3.7E-14 
3.7E-14 
3.7E- 14 

. 3.7E-14 
3.7E-14 
3.7E-14 
3.7E-14 
4.OE- 14 
4.OE-14 
3.7E-14 
3.8E-14 
3.7E-14 
3.7E-14 
3.7E- 14 

4.2 
4.0 
4.3 
3.8 
4.1 
3.8 
3.6 
3.4 
3.4 
3.7 
3.8 
3.8 
3.9 
3.5 
3.4 
3.3 
3.8 
3.4 
3.6 
3.4 
3.7 
3.3 
3.7 
3.4 
3.8 
3.7 
3.8 
3.8 
3.8 
3.5 
3.5 
3.5 
3.6 
3.5 
3.6 
3.5 
3.5 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

9.8E-16 
3.4E-14 
7.8514 
2.1 E-1 3 
7.7E-12 
9.9E-12 
1.1511 
1.2E-11 
1.351 1 
1.5E-11 
1.7E-11 
1.9E-11 
2.3E-11 
2.351 1 
2.4E-11 
2.4E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.N-11 
2.6E-11 
2.6E-11 
2.651 1 
2.6E-11 
2.6E-11 
2.6E-11 
2.6E-11 
2.6E-11 
2.651 1 
2.8E-11 
2.6E-11 
2.8E-11 
2.M-11 
2.6E-11 
2.M-11 

3.1 
2.9 
2.9 
2.8 
3.0 
2.6 
2.7 
2.9 
2.6 
2.6 
2.6 
2.6 
2.8 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.7 
2.5 
2.6 
2.6 
2.7 
2.5 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.6 
2.4 
2.7 
2.5 
2.5 

NOTES: 
11 E-01 is the 88ma os tho vslue divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
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Immersion in 
Resuspended Particulates 
GM ISvhrear) GSD 

9.5E-28 
3.3E-24 
7.5E-24 
2.0E-23 
7.5E-22 
9.8E-22 
1.1E-21 
1.1E-21 
1.2E-21 
1.4E-21 
1.7521 
1.9E-21 
2.2E-21 
2.3E-21 
2.3E-21 
2.3521 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5621 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 
2.5E-21 

3.2 
2.8 
2.8 
2.8 
3.0 
2.9 
2.8 
2.8 
2.7 
2.7 
2.7 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.7 
2.8 
2.7 
2.5 
2.5 ' 

2.6 
2.7 
2.5 
2.8 
2.7 
2.8 
2.6 
2.6 
2.6 
2.5 
2.6 
2.4 
2.7 
2.5 
2.5 

4.051 2 
1.3510 
1.5E-10 
4.7E-10 
3.OE-08 
6.3E-09 
2.7E-09 
2.7E-09 
3.1 E-09 

' 6.3E-09 
7.4E-09 
5.7E-09 
1.3E-08 
7.2E-10 
8.95 10 
1.1 E-09 
2.7E-09 
8.3E-10 
2.1E-10 
1.9E-10 
1.9E-10 
2.4E-09 
8.OE-11 
6.3E-11 
6.251 1 
5.7E-11 
6.8E-11 
8.8E-11 
7.7E-11 
l.lE-10 
2.8E-10 
2.8E-10 
7.9E-11 
1.3E-10 
9.8E-11 
9.6E-11 
6.4E-11 

1 
1 2.21 

2.31 
2.2, 

2.21 

2.2, 
2.2, 
2.2, 
2.2 
2.2 
2.2 
2.2 

2.2 
2.1 
2.! 
2.1 
2.2 

1.9 
1.9 
1 .s 
2.2 
1.9 
2.0 
1.9 
2.0 
1 .s 
1.9 
1.9 
1 .s 
1 .,9 
1.9 
1 .,9 
1 i9 

1 19 

2.2 

2.1 

1.8 
1.9 

1 

1 

1 
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PMh-Spedfk DOSOS A S S d a t d  wtth ROU~I~WI Alrb~me Releste Of Ph~tonl~m-239/240 
Sector 11 
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1960 
1961 
1982 
1983 
1964 
1965 
1986 
1967 
1988 
1989 

Inhalation 
GM (Svlyearl GSD 

3.7E-12 
1.2E-10 
1.3E-10 
4.4E-10 
2.8E-08 
5.7E-09 
2.4509 
2.4E-09 
2.6E-09 
5.7E-09 
6.8E-09 
5.2 E-09 
1.2E-08 
5.9E-10 
7.5E-10 
9.1 E-10 
2.4E-09 
7.OE-10 
1.4510 
l.1E-10 
1.2E-10 
2.1E-09 
2.3E-11 
9.1E-12 
9.1 E-1 2 
6.3E-12 
1.3511 
2.6E-11 
1.9E-11 
4.5E-11 
1.7E-10 

' 1.7E-10 
2.1511 
6.6E-11 
3.5E-11 
3.5E-11 
1.OE-11 

2.2 
2.2 
2.2 
2.3 
2.3 

' 2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 

Soil Ingestion 
GM (Svlyear) GSD 

4.5E-16 
1.5E-14 
3.5514 
9.7E-14 
3.6E-12 
4.6E-12 
5.OE-12 
5.4E-12 
5.9E-12 
6.8E-12 
7.9E-12 
8.7E-12 
1.1E-11 
1.lE-11 
1.1 €71 1 
1.lE-11 
1.lE-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.251 1 
1 .ZE-l 1 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.251 1 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 
1.2E-11 

3.9 
3.9 
3.6 
3.5 
3.9 
3.7 
3.5 
3.6 
3.6 
3.6 
3.4 
3.5 
3.2 
3.3 
3.5 
3.2 
3.2 
3.1 
3.3 
3.3 
3.2 
3.2 
3.3 
3.3 
3.2 
3.1 
3.2 
3.3 
3.2 
3.4 
3.3 
3.3 
3.2 
3.2 
3.0 
3.4 
3.1 

Vegetable Ingestion 
GM (Svlyearl GSD 

5.9E-14 
1.9E-12 
2.2E-12 
7.OE-12 
4.5E-10 
9.3E-11 
4.OE-11 
4.OE-11 
4.6E-11 
9.351 1 
1.1 E-1 0 
6.5E-11 
1.9E-10 
1 .lE-1 1 
1.3E-11 
1 .BE-1 1 
4.051 1 
1.2E-11 
2.9E-12 
2.5E-12 
2.5512 
3.5E-11 
8.3E-13 
4.9E-13 
4.9E-13 
4.1E-13 
5.6E-13 
9.3E-13 
7.3E-13 
1.3E-12 
3.6E-12 
3.5E-12 
7.951 3 
1.7E-12 
1 .lE-l2 
1.1E-12 
5.2E-13 

3.2 
3.1 . 
3.3 
3.2 
3.5 
3.3 
3.4 
3.2 
3.2 
3.3 
3.3 
3.3 
3.4 
3.0 
3.2 
3.3 
3.5 
3.2 
3.0 
3.3 
3.0 
3.4 
3.6 
4.1 
4.0 
4.4 
4.0 
3.5 
3.6 
3.4 
3.0 
3.4 
3.9 
3.1 
3.5 
3.7 
4.1 

Ground Exposure 
GM (Svlyearl GSD 

6.1 E-1 8 
2.1 E-1 6 
4.6E-16 
1.3E-15 
4.9E-14 
6.2E-14 
6.8E-14 
7.4E-14 
6.OE-14 
9.3E-14 
1 . 1 E-1 3 
1 .2E-l3 
1.5E-13 
1.551 3 
1.5E-13 
1.5E-13 
1.6E-13 
1.M-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6513 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.6E-13 
1.7E-13 
1.7E-13 
1.6E-13 

2.7 
2.6 
2.3 
2.3 
2.5 
2.4 
2.3 
2.3 
2.2 
2.1 
2.2 
2.2 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert: 1 Sv = 100 rem 

1 of 2 

Immersion 
GM (Svlyearl GSD 

3.5E-22' 
1.2E-20 
1.3E-20 
4.2E-20 
2.7E-18 
5.6E-19 
2.4E-19 
2.4E-19 
2.7E-19 
6.6E-19 
6.6E-19 
5.1E-19 
1.2E-18 
6.7E-20 
7.3E-20 
8.8E-20 
2.4E-19 
6.6E-20 
1.3E-20 
1.1 E-20 
1.1E-20 
2.OE-19 
2.2E-21 
6.8E-22 
8.M-22 
6.1 E-22 
1.2E-21 
2.7E-21 
1.9E-21 
4.4E-21 
1.7E-20 

2.OE-21 
6.4E-21 
3.4E-21 
3.4E-21 
1 .OE-21 

1.7E-20 

2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.3 



\ Pathwsy-Spedfk Doaas Assodatad whh R d n e  Airborne Rebase of Plutonhan-239/240 (contlnued) 
Sector 11  
(1953 - 1989) 

Yea1 

1953 
1954 
1955 
1958 
1957 
1958 
1959 
1960 
1981 
1982 
1983 
1964 
1965 
1968 
1987 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Wheat Ingestion 
GM ISvlyear) GSD 

4.2E-18 
1.4E-18 
3.3E-16 
9.1 E-1 8 
3.3E-14 
4 . 3 5  14 
4.7E-14 
6.0514 
5.5E-14 
6.4E-14 
7.4E-14 
8.2E-14 
9.9E-14 
1 .OE-13 
1.OE-13 
1 .OE-13 
1 . 1  E-1 3 
1 . l  E-1 3 
1 . 1  E-1 3 
l.lE-13 
1 .1E-l3 
1 . 1  E-1 3 
1 .1E-l3 
l.lE-13 
1.1E-13 
1 . 1  E-1 3 
1 .1E-l3 
1 . 1  E-1 3 
1 .1E-l3 
l.lE-13 
1 . 1  E-1 3 
1.lE-13 
1 . 1  E-1 3 
1 . 1  E-13 
1.1E-13 
1.1E-13 
1 . 1 5 1  3 

9.4 
9.4 
9.5 
8.9 
10.0 
9.3 
9.1 
9.0 
9.1 
8.7 
9.1 
8.8 
9.1 
8.7 
8.9 
8.9 
8.3 
9.1 
8.3 
8.9 
8.5 
8.8 
9.2 
8.9 
9.5 
9.0 
9.1 
9.1 
9.5 

I 9.0 
8.7 
8.5 
9.0 
8.9 
8.9 
8.8 
8.4 

Milk Ingestion 
GM (Svlyear) GSD 

4.2E-18 
1.4E-18 
1.7E-18 
5.3E-18 
3.2E-14 
9.2E-15 
5.8E-15 
5.9E-15 
8.6E-15 
l.lE-14 
1.2E-14 
1.1E-14 
2.OE-14 
5.9E-16 
8.2E-15 
8.6E-15 
9.OE-15 
8.4E-15 
5.4E-15 
5.3E-15 
5.4E-15 
8.7E-15 
5.3E-15 
5.3E-15 
5.3515 
5.3E-15 
5.3E-15 
5.3E-15 
5.3E-15 
6.4E-15 
5.7E-15 
6.7515 
5.4E-15 
6.5E-15 
5.4E-15 
5.4E-15 
5.3E-15 

4.9 
4.9 
4.7 
4.5 
4.8 
4.7 
4.2 
4.3 
4.3 
4.2 
4.2 
3.9 
4.1 
4.0 
4.4 
4.0 
4.0 
4.3 
4.2 
4.3 
4.3 
4.0 
4.1 
4.4 
4.4 
4.3 
4.3 
4.4 
4.0 
3.8 
4.2 
4.2 
4.1 
4.3 
4.2 
3.8 
4.2 

Beef Ingestion 
GM (Svlyear) GSD 

3.OE-17 
9.8E-16 
1.2E-15 
3.8E-15 
2.3E-13 
6.6E-14 
4.OE-14 
4.1 E-14 
4.7E-14 
7.5E-14 
8.8E-14 
7.7E-14 
1.4E-13 
4.OE-14 
4.2E- 14 
4.5E- 14 
6.2E-14 
4.3E-14 
3.6E-14 
3.5E-14 
3.5E-14 
6.OE-14 
3.5514 
3.5E-14 
3.5E-14 
3.5E-14 
3.5E-14 
3.5E-14 
3.5E-14 
3.5E-14 
3.8E-14 
3.8E-14 
3.5E-14 
3.6E- 14 
3.5E-14 
3.6E-14 
3.5E-14 

4.3 
3.8 
4.0 
4.2 
4.6 
3.6 
3.8 
3.7 
3.6 
3.6 
3.5 
3.4 
3.8 
3.5 
3.5 
3.5 
3.8 
3.3 
3.8 
3.4 
3.8 
3.3 
3.6 
3.8 
4.1 
3.8 
3.8 
3.7 
3.8 
3.5 
3.6 
3.6 
3.9 
3.4 
3.8 
3.4 
3.8 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

9.2E-16 
3.2E-14 
7.2E-14 
2.OE-13 
7.4E-12 
9.4E-12 
1 .OE-1 1 
1 . l E - 1 1  
1.2E-11 
1.451 1 
1.6E-11 
1.8E-11 
2.2E-11 
2.2E-11 
2.2E-11 
2.3E-11 
2.4E-11 
2.4E-11 
2.451 1 
2.4E-11 
2.4E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.551 1 
2.5E-1 1 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-11 
2.5E-1 1 
2.5E-11 

3.1 
3.0 
2.8 
2.7 
3.1 
2.9 
2.8 
2.9 
2.7 
2.8 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.4 
2.8 
2.7 
2.5 
2.8 
2.5 
2.8 
2.6 
2.6 
2.8 
2.6 
2.8 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.8 
2.7 
2.5 

NOTES: 
1 )  E-01 is the same as the vslue divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

8.9E-26 
3.1 E-24 
7.0E-24 
1.9E-23 
7.1 E-22 
9.1 E-22 
9.9E-22 
1 . 1  E-21 
1.2E-21 
1.4521 
1.6E-21 
1.7E-21 
2.1E-21 
2.1 E-21 
2.2E-21 
2.2E-21 
2.3E-21 
2.3E-2 1 
2.3E-21 
2.3521 
2.3521 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 
2.4E-21 

3.1 
3.0 
2.8 
2.7 
3.1 
2.8 
2.9 
2.8 
2.8 
2.7 
2.8 
2.8 
2.7 
2.6 
2.8 
2.8 
2.5 
2.5 
2.8 
2.8 
2.7 
2.5 
2.8 
2.6 
2.7 
2.6 
2.8 
2.7 
2.6 
2.8 
2.6 
2.8 
2.5 
2.8 
2.7 
2.6 
2.5 

' Total Dose , 
GM ISv/year1 GSD 

3.8E-12 
1.2E-10 
1.4510 
4.5E-10 
2.9508 
5.9E-09 
2.5E-09 
2.5E-09 
2.9E-09 
5.9E-09 
7.OE-09 
6.4E-09 
1.2E-08 
6.7E-10 
8.4E-10 
1 .OE-09 
2.6E-09 
7.9E-10 
2.OE-10 
1.8E-10 
1.8E-10 
2.2E-09 
7.6E-11 
6.9E-11 
5.9E-11 
6.5E-11 
8.4E-11 
8.4E-11 
7.1E-11 
1 . 1 E - 1 0  
2.4E-10 
2.4E-10 
7.5E-11 
1.3E-10 
9.1E-11 
9.2E-11 
6.OE-11 

2.2 
2.2 
2.2 
2.2 

2.2 

2.2 
2.2 
2.2 
2.2 

2.3 
2.7 
2.2 
2.2 
2.2 
2.11 
1.9 

1.9 
2.2 
1.9 
2 .o 
2 .0 
2.0 

'9 

2.3 

2.2 

2.2 

1.9 

0 

9 
8 
0 
9 
9 
9 
9 
9 
0 

1 



Pathww-SpedRc Doses Assodated whh Routlne Ahborne Rabase of plutonium-2391240 
sector 12 
11953 - 19891 

Year - 
1963 
1964 
1955 
1958 
1967 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1964 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Svlyearl GSO 

1.2E-11 
4.OE-10 
4.5E-10 
1.4E-09 
9.2E-08 
1.9E-08 
8.1 E-09 
8.1E-09 
9.2E-09 
1.9E-08 
2.3E-08 
1.7E-08 
4.OE-08 
2.OE-09 
2.5E-09 
3.OE-09 
8.1 €709 
2.3E-09 
4.6E-10 
3.8E-10 
3.8E-10 
6.9509 
7.5E-11 
3.OE-11 
3.OE-11 
2.1E-11 
4.2E-11 
9.2E-11 
6.4E-11 
1.5E-10 
5.8E-10 
5.6E- 10 
6.9E-11 
2.2E-10 
1.2E-10 

3.4E-11 
1.2E-lo 

2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 

Soil Ingestion 
GM ISvlyearl GSO 

1.5E-15 
5.1E-14 
1.2E-13 
3.2E-13 
1.2E-11 
1.5E-11 
1.7E-11 
1 .BE-1 1 
2.OE-11 
2.3E-1 1 
2.6E-11 
2.951 1 
3.6E-11 
3.M-11 
3.6E-11 
3.7E-11 
3.6E-11 
3.8E-11 
3.9E-11 
3.9E-11 
3.9E-1 1 
4.OE-11 
4.OE-11 
4.051 1 
4.OE-11 
4.051 1 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 
4.OE-11 

3.7 
3.6 
3.5 
3.6 
3.8 
3.5 
3.6 
3.3 
3.2 
3.2 
3.3 
3.3 
3.1 
3.4 
3.3 
3.3 
3.5 
3.2 
3.1 
3.2 
3.1 
3.2 
3.3 
3.2 
3.3 
3.2 
3.3 
3.2 
3.3 
3.3 
3.1 
3.3 
3.1 
3.1 
3.2 
3.2 
3.1 

Vegetable Ingestion 
GM (Svlyear1 GSO 

2.OE-13 
6.4E-12 
7.2512 
2.3E-11 
1.5E-09 
3.1E-10 
1.3E-10 
1.3E-10 
1.5E-10 
3.1 E-1 0 
3.7E-10 
2.8E-10 
6.5E-10 
3.5E-11 
4.4E-11 
6.2E-11 
1.3E-10 
4.1E-11 
9.8E-12 
8.3E-12 
6.6E-12 
1.2E-10 
2.7E-12 
1.M-12 
1 .S -12  
1.4E-12 
2.OE-12 
3.1E-12 
2.4E-12 
4.3E-12 
1.2E-11 
1 . Z E - l  1 
2.6E-12 
5.4E-12 
3.5E-12 
3.5E-12 
1.751 2 

3.3 
3.3 
3.1 
3.3 
3.2 
3.2 
3.2 
3.4 
3.2 
3.2 
3.3 
3.2 
3.3 
3.0 
3.2 
3.2 
3.5 
3.2 
3.1 
3.3 
3.0 
3.3 
3.3 
3.8 
4.2 
4.3 
4.1 
3.6 
3.3 
3.2 
3.1 
3.1 
3.7 
3.3 
3.3 
3.4 
4.0 

Ground Exposure 
GM ISvlyearI GSO 

2.OE-17 
7.OE-16 
1.6E-15 
4.4E-15 
1.6E-13 
2.1 E-1 3 
2.3E-13 
2.5E-13 
2.7E-13 
3.1 E-1 3 
3.6E-13 
4.OE-13 
4.8E-13 
4.9E-13 
5.OE-13 
5.OE-13 
5.2E-13 
5.3€-.13 
6.3E-13 
5.3E-13 
5.3E-13 
5.4E-13 
5.451 3 
6.5E-13 
5.5E-13 
5.4E-13 
5.4E- 1.3 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 
5.5E-13 

2.6 
2.5 
2.4 
2.2 
2.6 
2.3 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 

NOTES: 
11 E-01 is the soma as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM Geometric Mean 
31 GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 1 0 0  rem 
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Immersion 
GM ISv/yearl GSD 

1.2E-21 
3.9E-20 
4.3E-20 
1.451 9 
8.9E-18 
1.9E-18 
7.8519 
7.8E-19 
8.9E-19 
1.9E-18 
2.2E-18 
1.7518 
3.9E-18 
1.9E-19 
2.4E-19 
2.9E-19 
7.9E-19 
2.2E-19 
4.4E-20 
3.7E-20 
3.7E-20 
6.7E-19 
7.3E-21 
2.9E-21 
2.9E-21 
2.OE-21 
4.OE-21 
8.9E-21 
6.2E-21 
1.5E-20 
6.6E-20 
6.6E-20 
6.7E-21 
2.1 E-20 
1.1 E-20 
l . lE-20 
3.3E-21 

2.3 
2.2 
2.2 
2.1 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.4 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.3 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

2.2, 
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Pathwsy-Spedflc h a  Assodated wtth Routim Ahborne Release of Plutonium-2391240 lcontlnuedl 
sector 12 
(1953 - 1989) - 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

1.4E-17 
4.8E-16 
1.1E-15 
3.OE-15 
1.1 E-1 3 
1.4E-13 
1.5E-13 
1.7E-13 
1.8E-13 
2.1 E-13 
2.5E-13 
2.7E-13 
3.3E-13 
3.3E-13 
3.4E-13 
3.4E-13 
3.5E-13 
3.6E-13 
3.6E-13 
3.M-13 
3.M-13 
3.7E-13 
3.7513 
3.7E-13 
3.7E-13 
3.7E-13 
3.7E-13 
3.7613 
3.7E-13 
3.7E-13 
3.7E-13 
3.7E-13 
3.8'E-13 
3.7E-13 
3.8E-13 
3.7E-13 
3.7E-13 

9.2 
9.3 
9.4 
8.6 
9.6 
9.5 
8.8 
9.4 
9.1 
9.3 
8.5 
9.1 
9.1 
8.6 
8.9 
8.8 
8.8 
8.8 
8.3 
8.8 
8.9 
9.0 
8.4 
8.8 
8.8 
8.7 
9.4 

' 8.3 
8.1 
9.3 
8.5 
8.6 
8.5 
8.6 
8.9 
8.8 
8.7 

Milk Ingestion 
GM (Sv/yearl GSD 

1.4E-17 
4.851 6 
5.8E-16 
1.8E-15 
1 . 1 E-1 3 
3.1E-14 
1.9E-14 
2.OE-14 
2.2E-14 
3.4514 
4.2E-14 
3 .75  14 
6.6E-14 
2.OE-14 
2.OE-14 
2.2E-14 
3.OE-14 
2.1514 
1 .8E-14 
1.8E-14 
1.E-14 
2.9E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.8E-14 
1.9514 
1.9E-14 
1.8514 
1.8E-14 
1.8E-14 
1.8E-14 
1 .8E-14 

4.7 
4.8 
4.3 
4.6 
5.1 
4.2 
4.1 
4.0 
3.9 
4.4 
4.3 
3.9 
4.3 
4.1 
4.1 
3.9 
4.2 
3.9 
3.9 
4.1 
3.9 
4.0 
4.2 
4.5 
3.9 
4.1 
4.1 
4.2 
4.0 
4.3 
4.0- 
4.4 
4.2 
4.1 
4.0 
4.1 
3.9 

Beef Ingestion 
GM ISvlyear) GSD 

1 .OE-1 6 
3.3E-15, 
4.0515 
1.3E-14 
7.6E-13 
2.2E-13 
1.3E-13 
1.4E-13 
1.5E-13 
2.4E-13 
2.9E-13 
2.M-13 
4.7E-13 
1.3513 
1.4E-13 
1.4E-13 
2.OE-13 
1.5E-13 
1.2E-13 
1.2E-13 
1 .2E-l3 
2.OE-13 
1.2E-13 
1.2E-13 
1.2E-13 
1 .2E-l3 
1.2E-13 
1.261 3 
1 .2E-l3 
1 .2E-l3 
1.2E-13 
1.3E-13 
1.2E-13 
1.2E-13 
1 .2E-l3 
1.2E-13 
1.2E-13 

4.0 
4.4 
4.1 
3.6 
4.5 
3.7 
3.8 
3.3 
3.6 
3.5 
3.5 
3.6 
3.5 
3.3 
3.5 
3.3 
3.2 
3.4 
3.3 
3.5 
3.7 
3.5 
3.6 
3.8 
3.5 
3.6 
3.8 
3.4 
4.0 
3.5 
3.6 
3.5 
3.8 
3.7 
3.5 
3.6 
3.7 

Inhalation of 
Resuspended Particulates 
GM (Sv/yearl GSD 

3.1 E-1 5 
1 . 1 E-1 3 
2.4E-13 
6.7E-13 
2.4E-11 
3.1E-11 
3.4E-11 
3.7E-11 
4.1E-11 
4.7E-11 
5.5E-11 
6.OE-11 
7.4E-11 
7.4E-11 
7.5E-11 
7.M-11 
7.9E-11 
7.9E-11 
8.OE-11 
8.OE-1 1 
8.OE-11 
8.2E-11 
8.251 1 
8.2E-11 
8.2E-11 
8.2E-11 
8. ZE- 1'1 
8.2E-11 
8.2E-11 
8.2E-11 
8.3E-11 
8.3E-11 
8.3E-11 
8.3E-11 
8.3E-11 
8.3E-11 
8.3E-11 

3.1 
3.0 
2.7 
2.8 
3.1 
2.8 
2.6 
2.7 
2.7 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.7 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.6 
2.4 
2.5 
2.5 
2.5 
2.6 

NOTES: 
1) E-01 Is the same as the value divided by 10': E-02 is the same as the value divided by 1 0 ;  etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

3 

Immersion in 
Resuspended Particulates 
GM (Svlyear) GSD 

3.0E-25 
1 .OE-23 
2.4E-23 
6.4E-23 
2.4E-21 
3.OE-21 
3.3E-21 
3.6E-21 
3.9E-21 
4.5521 
5.3E-21 
5.8E-21 
7.1E-21 
7.2521 
7.2E-21 
7.3E-21 
7.M-21 
7.7E-21 
7.7521 
7.7E-21 
7.7E-21 
7.9E-21 
8.OE-21. 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 
8.OE-21 

3.2 
3.0 
2.8 
2.7 
3.1 
2.7 
2.7 
2.7 
2.7 
2.7 
2.5 
2.6 
2.6 
2.5 
2.4 
2.5 
2.6 
2.5 
2.6 
2.6 
2.7 
2.8 
2.8 
2;7 
2.6 
2.6 
2.6 
2.5 
2.7 
2.6 
2.6 
2.5 
2.6 
2.4 
2.6 
2.5 
2.5 

Total Dose . i 
GM ISvlyear) GSD 

1.2E-11 
4.1 E-10 
4.6E-10 
1.5E-09 
9.5E-08 
2.OE-08 
8.4E-09 
8.4E-09 
9.N-09 
2.OE-08 
2.3E-08 
1 .8E-08 
4.1 E-08 
2.2E-09 
2.8E-09 
3.3E-09 
8.6E-09 
2. BE-09 
6.7E- 10 
6.8E-10 
6.9E-10 
7.4E-09 
2.6E-10 
2.OE-10 
2.OE-10 
1.8E-10 
2.1 E- 10 
2.8E-10 
2.4E-10 
3.4E-10 
8.1E-10 
8.1E-10 
2.4E- 10 
4.2E-10 
3.OE-10 
3:OE-lO 
2.OE-10 

1 
2,.2 
2.2 
2.2 

2.2 
2.2 
2.2 

2.2 
2.2 
2.3 

2:. 2 

212 

2! 2 
2! 2 
2!0 
212 
2! 1 
2!2 
2;1 
1.9 

2!0 
2.2 
1 :9 

1!9 

1 :9 

1.9 
1.8 

119 

2!0 

2;0 

1 le 

2 .;o 
2 ;o 

1.9 
1.9 
1 .e 

1.9 

1.9 
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Rthway-Spedflc Duma Assodaed wtth Routlne Alrbome Rebase of PlutOnlum-239/240 
Denver 
(1953 - 1989) - 

Year - 
1963 
1954 
1955 
1956 
1957 
1956 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

7 

NOTES: 

Inhalation 
GM (Sv/yearI GSD 

4.9E-12 
1.6E-10 
1.8E-10 
6.8E-10 
3.7E-08 
7.6E-09 
3.2E-09 
3.2E-09 
3.7E-09 
7.6E-09 
9.OE-09 
6.9E-09 
1.6E-08 
7.9E-10 
9.9E-10 
1.2E-09 
3.2E-09 
9. ZE- 10 
1.8E-10 
1.5E-10 
1.5E-10 
2.8E-09 
3.OE-11 
1.2E-11 
1.2E-11 
8.3E-12 
1.7E-11 
3.7E-11 
2.5E-11 
6.0E-11 
2.3E-10 
2.3E-10 
2.8E-11 
8.8E-11 
4.8E-11 
4.6E-11 
1.4E-11 

2.2 
2.3 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 

Soil Ingestion 
GM lSv/yearl GSD 

5.9E-16 
2.1 E-14 
4.7E-14 
1.3E-13 
4.7E-12 
6.OE-12 
6.6E-12 
7.1E-12 
7.8E-12 
9.OE-12 
1 .OE-1 1 
1.2E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.551 1 
1.5E-11 
1 .SE-ll 
1.5E-11 
1.5E-11 
1.5E-11 
1.6E-11 
1.6E-11 
1 .BE-1 1 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1 .BE-1 1 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 
1.6E-11 

3.9 
3.9 
3.5 
3.4 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 
3.2 
3.1 
3.4 
3.4 
3.1 
3.4 
3.3 
3.3 
3.2 
3.1 
3.2 
3.1 
3.3 
3.2 
3.3 
3.3 
3.1 
3.1 
3.2 
3.3 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 

Vegetable Ingestion 
GM ISvlyearI CSD 

7.8E-14 
2.6E-12 
2.9E-12 
9.3E-12 
6.OE-10 
1.2E-10 
5.3E-11 
5.3E-11 
6.OE-11 
1.2E-10 
1.5510 
l . lE-10 
2.6E-10 
1.4E-11 
1.7E-11 
2.1E-11 
5.4E-11 
1.6E-11 
3.9E-12 
3.4E-12 
3.4E-12 
4.6E-11 
1.lE-12 
6.5E-13 
6.5E-13 
5.3E-13 
7.7E-13 
1.2E-12 
9.4E-13 
1.7E-12 
4.9E-12 
4.7E-12 
1'.OE-12 
2.2E-12 
1.4E-12 
1.5E-12 
7.1E-13 

3.3 
3.3 
3.2 
3.3 
3.5 
3.2 
3.3 
3.1 
3.4 
3.3 
3.4 
3.2 
3.4 
3.1 
3.1 
3.1 
3.2 
3.2 
3.1 
3.1 
3.1 
3.4 
3.5 
4.2 
4.2 
4.4 
4.0 
3.4 
3.5 
3.4 
3.1 
3.1 
3.5 
3.3 
3.4 
3.3 
3.9 

Ground Exposure 
GM ISv/yearl GSD 

8.1 E-18 
2.8E-16 
6.4E-16 
1.8E-15 
6.4E-14 
8.2E-14 
9.OE-14 
9.8E-14 
l . lE-13 
1.2E-13 
1.4E-13 
1.6E-13 
1.9E-13 
1.9E-13 
2.OE-13 
2.OE-13 
2.1 E-1 3 
2.1 E-1 3 
2.1 E-1 3 
2.1E-13 
2.1E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 
2.2E-13 

2.7 
2.5 
2.2 
2.2 
2.5 
2.3 
2.3 
2.2 
2.2 
2.2 

2.1 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .0  
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0, 

Immersion 
GM ISvlvear) GSD 

4.7E-22 
1.5E-20 
1.7E-20 
5.6E-20 
3.6E-18 
7.4E-19 
3.1E-19 
3:1E-19 
3.6E-19 
7.4E-19 
8.7E-19 
6.7E-19 
1.5E-18 
7.6620 
9.6E-20 
1.2E-19 
3.1 E-1 9 
9.OE-20 
1.8E-20 
1.5E-20 
1.5E-20 
2.7E-19 
2.9E-21 
1.2E-21 
1.2E-21 
8.1E-22 
1.6E-21 
3.6E-21 
2.5E-21 
5.8E-21 
2.2E- 20 
2.2E-20 
2.7E-21 
8.5E-21 
4.5E-21 
4.5E-21 
1.3E-21 

2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 

1) E-01 is the same as the value divided by 10'; €702 is the same as the value divided by 10'; etc. 
21 GM - Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 
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Pathwsy-SpbdRc Dww Amodsted wlth Routlna Alrborna Rdssse of P(ulonium-239/240 (contlnwd) 
Denver 
(1953 - 1989) 

Year 

1953 
1954 
1955 
1966 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1966 
1967 
1988 
1989 

Wheat Ingestion 
GM (Svlyear) GSD 

5.6E-18 
1.9E-18 
4.4E-16 
1.2E-15 
4.4514 
6.M-14 
6.2E-14 
6.7E-14 
7.3E-14 
8.4E-14 
9.8E-14 
1.1 E-1 3 
1.3E-13 
1.3E-13 
1.3E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.4E-13 
1.5513 
l.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.6E-13 
1.6E-13 . 
1.6E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E-13 
1.5E- 13 
1.5E-13 
1.5E-13 
1.5E-13 

10.0 
9.3 
9.4 
9.6 
8.9 
10.1 
9.1 
9.7 
9.2 
8.9 
9.1 
6.4 
9.0 
8.9 
8.2 
9.2 
9.0 
8.5 
8.7 
8.8 
8.6 
8.9 
6.5 
8.9 
8.9 
8.6 
9.0 

: 8.7 
8.4 
8.7 
8.6 
8.8 
8.6 
8.9 
9.1 
9.0 
8.7 

Milk Ingestion 
GM (Svlyear) GSD 

5.5E-18 
1.6E-16 
2.2E-16 
7.OE-16 
4.2E- 14 
1.2E-14 
7.5E-15 
7.9E-15 
8.8E-15 
1.4E-14 
1.6E-14 
1.5E-14 
2.6E-14 
7.7E-15 
6.1E-15 
8.7E-15 
1.2514 
6.4E-15 
7.151 5 
7.OE-15 
7.1 E-1 5 
1.1514 
7.OE-15 
7.OE-15 
7.OE-15 
7.051 5 
7.OE-15 
7.1E-15 
7.OE-15 
7.1 E-15 
7.4E-15 
7.5E-15 
7.OE-15 
7.2E-15 
7.1 €71 5 
7.1 E-1 5 
7.OE-15 

4.6 
4.7 
4.3 
4.6 
5.2 
4.1 
4.0 
4.0 
4.2 
4.1 
4.1 
4.3 
4.7 
4.1 
3.8 
4.2 
4.0 
4.4 
3.9 
4.3 
4.4 
3.9 
4.2 
4.3 
4.1 
4.2 
3.8 
4.0 
4.3 
4.1 
4.0 
4.2 
3.6 
4.1 
3.8 
4.3 
4.2 

Beef Ingestion 
GM ISvlyear) GSD 

4.OE-17 
1.3E-15 
1.6E-15 
5.1 E-1 5 
3.OE-13 
8.7E-14 
5.3E-14 
5.6E-14 
6.OE-14 
9.9E-14 
1.X-13 
1.OE-13 
1.9E-13 
5.2E-14 
5.5E-14 
5.8514 
8.OE-14 
5.7E-14 
4.7E-14 
4.7E-14 
4.7E-14 
7.8E-14 
4.651 4 
4.6E-14 
4.651 4 
4.M-14 
4.6E-14 
4.7514 
4.6E-14 
4.7E-14 
5.OE-14 
4.9E-14 
4.6E-14 
4.7E-14 
4.7E-14 
4.7E-14 
4.6E-14 

4.3 
3.6 
4.0 
4.2 
4.2 
4.0 
3.5 
3.4 
3.4 
3.5 
3.7 
3.6 
3.8 
3.4 
3.3 
3.6 
3.2 
3.4 
3.6 
3.6 
3.6 
3.3 
3.5 
3.4 
3.7 
3.7 
3.5 
3.7 
3.7 
4.0 
3.3 
3.5 
3.4 
3.7 
3.7 
3.5 
3.7 

Inhalation of 
Resuspended Particulates 
GM (Svlvearl GSD 

1.2E-15 
4.2E- 14 
9.7E-14 
2.6E-13 
9.7E-12 
1.2E-11 
1.451 1 
1.5E-11 
1 . N - 1 1  
1.951 1 
2.2E-11 
2.4E-11 
2.9E-11 
2.9E-11 
3.OE-11 
3.OE-11 
3.1E-11 
3.1E-11 
3.2E-11 
3.261 1 
3.2E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.351 1 
3.3E-11 
3.3E-11 
3.351 1 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 
3.3E-11 

3.2 
3.2 
2.7 
2.7 
3.0 
2.7 
2.6 
2.7 
2.7 
2.5 
2.7 
2.6 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 

NOTES: 
1) E-01 is the same as the vslue divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 Sv = Sievert; 1 Sv = 100 rem 

Immersion in 
Resuspended Particulates 
GM fSvlvearl GSD 

1.2E-25 
4.1 E-24 
9.4E-24 
2.6E-23 
9.4E-22 
1.2E-21 
1.3E-21 
1.4E-21 
1.M-21 
1 .8E-21 
2.1E-21 
2.3E-21 
2.8E-21 
2.8E-21 
2.9E-21 
2.9E-21 
3.OE-21 
3.OE-21 
3.1521 
3.1E-21 
3.1E-21 
3.1E-21 
3.2521 
3.2E-21 
3.2521 
3.2E-21 
3.2E-21 
3.2521 
3.1 E-21 
3.2E-21 
3.2E-21 
3.2E-21 
3.2521 
3.2E-21 
3.2E-21 
3.2E-21 
3.2E-21 

3.4 
3.2 
2.7 
2.6 
3.2 
2.8 
2.7 
2.6 
2.7 
2.5 
2.6 
2.6 
2.6 
2.5 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.6 
2.5 
2.4 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 

5.OE-12 
1 .M-10 
1 . 8 E - 1 0  
5.9E- 10 
3.8E-08 
7.9E-09 
3.4E-09 
3.4E-09 
3.9E-09 
7.9E-09 
9.3E-09 
7.2E-09 
1.6E-08 
8.9E-10 
1.1 E-09 
1.3509 
3.4E-09 
1 .OE-09 
2.7E-10 
2.3E-10 
2.4E-10 
2.9E-09 
1.OE-10 
7.8E-11 
7.8E-11 
7.2E-11 
8.4E-11 
1.1 E-10 
9.5E-11 
1.4510 
3.2E-10 
3.3E-10 
9.8E-11 
1.7510 
1.2E-10 
1.2E-10 
8.1E-11 

Total Dose ! 
GM (Svlyear) GSD 

1 
2.21 

2.2, 
2.2, 

2.11 
2.z1 
2.2, 

2.2, 

:::I 
2.31 2.2 

2.2 

2.3, 
2.11 
2.2 

2.2 
2.1 

2.2, 

1.9 
1.9 
1.9 
2. 1, 
1 .e 
2.0 
2.0 
2.0 
1.9 
1.9 
1 .a 
1 .e 
2.0 
1.9 
1.9 

1 . 9  
1.9 

1.9 
1.9 

1 
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Pathwmy-Spedflc Dwer Asnodated wkh Routfne Alrbwns Release of Ph~tordum-239/240 
bkewood 
11953 - 1989) 

Year 

1953 
1954 
1956 
1958 
1957 
1958 
1959 
1960 
1981 
1982 
1983 
1964 
1966 
1968 
1987 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Inhalation 
GM [Svlyearl GSD 

5.7E-12 
1.9E-10 
2.1E-10 
8.M-10 
4.4E-08 
9.OE-09 
3.8E-09 
3.8 E-09 
4.4509 
9.OE-09 
l.lE-08 
8.2E-09 
1.9E-08 
9.3E-10 
1.2E-09 
1.4E-09 
3.8E-09 
1.1 E-09 
2.2E-10 
1.8E-10 
1.8E-10 
3.3E-09 
3.5E-11 
1.4E-11 
1.4E-11 
9.9E-12 
2.OE-11 
4.4E-11 
3.OE-11 
7.1E-11 
2.7E-10 
2.7E-10 
3.3E-11 
1.OE-10 
6.4E-11 
5.4E-11 
1 .6E-l1 

2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 

Soil Ingestion 
GM ISv/yaar) GSD 

7.OE-16 
2.4E-14 
5.6E-14 
1.5E-13 
5.6E-12 
7.2E-12 
7.8E-12 
8.5E-12 
9.2E-12 
1.1E-11 
1.3E-11 
1.4E-11 
1.7E-11 
1.7E-11 
1.7E-11 
1.7E-11 
1 .8E-1 1 
1 .8E-1 1 
1.8E-11 
1.8E-11 
1.8E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.961 1 
1.9E-11 
1.9E-11 

3.8 
3.8 
3.5 
3.4 
3.7 
3.4 
3.4 
3.4 
3.4 
3.5 
3.5 
3.4 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.3 
3.1 
3.3 
3.2 
3.1 
3.1 
3.2 
3.2 
3.1 
3.2 
3.3 
3.3 
3.4 
3.3 
3.4 
3.1 
3.2 
3.1 
3.2 

Vegetable Ingestion 
GM (Svlyear) GSD 

9.2E-14 
3.OE-12 
3.4512 
1.1E-11 
7.OE-10 
1.5510 
6.3E-11 
6.3E-11 
7.1E-1 1 
1.5E-10 
1.7E-10 
1.3E-10 
3.1 E-10 
1.7E-11 
2.OE-11 
2.451 1 
8.451 1 
1.9E-11 
4.7E-12 
4.OE-12 
4.OE-12 
5.551 1 
1.3E-12 
7.5E-13 
7.M-13 
6.5E-13 
9.4E-13 
1.5E-12 
1.1E-12 
2.OE-12 
5.6E-12 
5.6E-12 
1.2E-12 
2.6E-12 
1.7E-12 
1.7E-12 
8.1E-13 

3.3 
3.3 
3.5 
3.5 
3.2 
3.2 
3.3 
3.2 
3.4 
3.4 
3.2 
3.1 
3.3 
3.2 
3.3 
3.2 
3.2 
3.0 
3.1 
3.0 
3.4 
3.3 
3.8 
4.1 
4.1 
4.4 
3.9 
3.8 
3.7 
3.2 
2.9 
3.0 
3.6 
3.3 
3.5 
3.3 
4.1 

Ground Exposure 
GM ISv/year) GSD 

9.N-18 
3.3E-16 
7.6E-16 
2.1 E-1 5 
7.7E-14 
9.8E-14 
l.lE-13 
1 .2E-l3 
1.3E-13 
1.5E-13 
1.7E-13 
1.9E-13 
2.3E-13 
2.3E-13 
2.3E-13 
2.4E-13 
2.5E-13 
2.5E-13 
2.6E-13 
2.6E-13 
2.5E-13 
2.M-13 
2.M-13 
2.8E-13 
2.6E-13 
2.M-13 
2.6E-13. 
2.6E-13 
2.6E-13 
2.M-13 
2.6E-13 
2.6E-13 
2.6E-13 
2.6E-13 
2.8E-13 
2.6E-13 
2.6E-13 

2.7 
2.5 
2.3 
2.3 
2.8 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.0 
2.1 
2.1 
2.1 
2 .o 
2.0 
2.1 
2.0 

NOTES: 
1) E-01 Is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM - Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Siever(; 1 Sv = 100 rem 

1 of 2 

Immersion 
GM (Sv/year) GSD 

6.5E-22 
1.8E-20 
2.OE-20 
6.W-20 
4.2E-18 
8.7E-19 
3.7E- 19 
3.7E-19 
4.2E-19 
8.7E-19 
1.OE-18 
7.9E-19 
1.8E-18 
9.OE-20 
l.lE-19 
1.4E-19 
3.7E-19 
l.lE-19 
2.1 E-20 
1.7E-20 
1.7E-20 
3.2E-19 
3.4E-21 
1.4E-21 
1.4E-21 
9.5E-22 
1.9E-21 
4.2E-21 
2.9E-21 
8.9E-21 
2.6E-20 
2.6E-20 
3.2E-21 
1 .OE-20 
6.3E-21 
5.X-21 
1.6E-21 

2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.1 
2.2 



p.thway-SpeciRc haos Assodad with Routhm Alrbome Rebese of Plutonlum-239/240 kontlnued1 
lnkewwd 
(1953 - 19891 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

. 1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1966 
1967 
1986 
1989 - 

NOTES: 

Wheat Ingestion 
GM (Svlyeer) GSD 

6.M-18 
2.3E-16 
5.2E-18 
1.4E-15 
6.2E-14 
6.7E-14 
7.3E-14 
7.9E-14 
8.6E-14 
1 .OE-l3 
1.2E-13 
1.3E-13 
1.6E-13 
1.M-13 
1.6E-13 
1.6E-13 
1.7Er13 
1.7E-13 
1.7E-13 
1.7E-13 
1.7E-13 
1.6E-13 
1.7E-13 
1.8E-13 
1 .BE-l 3 
1.8E-13 
1.6E-13 
1.8E-13 
1.8E-13 
1.8E-13 
1.8E-13 
1 .8E-l3 
1.8E-13 
1.8E-13 
1.8E-13 
1 .6E-l3 
1.8E-13 

9.3 
10.1 
9.4 
9.0 
9.5 
8.8 
8.8. 
9.4 
8.9 
9.2 
9.1 
8.9 
8.6 
9.6 
8.9 
8.1 
8.7 
8.9 
9.0 
8.8 
8.7 
9.1 
8.4 
8.8 
8.8 
8.8 
8.8 
8.7 
9.2 
8.9 
8.3 
8.4 
8.9 
8.7 
9.0 
9.0 
9.0 

~ ~ ~ ~ _ _ _  

Milk Ingestion 
GM (Svlyeer) GSD 

6.5E-18 
2.2E-16 
2.6E-16 
6.4E-16 
5.OE-14 
1.5514 
9.OE-15 
9.4E-15 
l.lE-14 
1.7514 
2.OE-14 
1.7E-14 
3.1 E-1 4 
9.2E-15 
9.W-15 
1 .OE-l4 
1.4E-14 
1 .OE-14 
8.5E-15 
8.4E-15 
8.4E-15 
1.4E-14 
8.4E-15 
8.3E-15 
8.3E-15 
8.3E-16 
8.3E-15 
8.4E-15 
8.4E-15 
8.5E-15 
8.9E-15 
8.9E-15 
8.4E-15 
8.M-15 
8.5E-15 
8.4E-15 
8.4E-15 

4.7 
4.7 
4.6 
4.8 
4.9 
4.6 
4.3 
4.3 
4.0 
4.5 
4.2 
4.1 
4.4 
4.2 
4.1 
3.9 
3.8 
4.0 
4.0 
4.4 
4.4 
4.0 
4.3 
4.1 
4.3 
4.2 
4.0 
4.3 
4.1 
4.2 
4.3 
4.0 
4.1 
4.3 
4.3 
4.3 
4.0 

Beef Ingestion 
GM ISvlyear) GSD 

4.7E-17 
1.5E-15 
1.9E-15 
6.OE-15 
3.6E-13 
1.OE-13 
.6.3E-14 
6.7E-14 
7.3E-14 
1.2E-13 
1.4E-13 
1.2E-13 
2.2E-13 
6.2E-14 
6.6E-14 
6.9E-14 
9.4E-14 
6.8E-14 
5.7E-14 
5.6E- 14 
5.5E-14 
9.4E-14 
5.5E-14 
5.4E-14 
5.5E-14 
5.4E-14 
5.5E-14 
S.5E-14 
5.5514 
5.6E-14 
6.9E- 14 
6.9E-14 
5.5E-14 
5.7E-14 
5.6E- 14 
5.5E-14 
5.5E-14 

4.2 
4.2 
3.6 
4.0 
4.4 
3.7 
3.3 
3.5 
3.5 
3.5 
3.3 
3.6 
3.7 
3.3 
3.6 
3.5 
3.6 
3.6 
3.8 
3.5 
3.4 
3.2 
3.9 
3.7 
3.8 
3.5 
3.5 
3.7 
3.7 
3.7 
3.4 
3.6 
3.6 
3.6 
3.6 
3.7 
3.8 

Inhalation of 
Resuspended Particulates 
GM ISvlyeer) GSD 

1.5E-15 
5.OE-14 
1.2513 
3.1 E-13 
1 .ZE-l 1 
1.5E-11 
1.6E-11 
1 BE-1 1 
1.9E-11 
2.2E-11 
2.6E-11 
2.9E-11 
3.5E-11 
3.5E-11 
3.5€-'1 1 
3.6E-11 
3.7E-11 
3.8E-11 
3.8E-11 
3.651 1 
3.M-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 
3.9E-11 

3.2 
3.0 
2.7 
2.8 
3.1 
2.6 
2.8 
2.9 
2.7 
2.7. 
2.6 
2.6 
2.6 
2.6 
2.7 
2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2;6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.7 
2.6 
2.4 
2.4 
2.7 
2.5 
2.6 
2.6 
2.5 
2.6 

1 )  E-01 is the some es the value divided by 10'; E-02 is the same as the value divided by 1V; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1 0 0  rem 

W-14.XLS 2 of 2 

Immersion in 
Resuspended Particulates 
GM lSvlyear1 GSD 

1.4526 
4.9E-24 
l.lE-23 
3.0E-23 
1ilE-21 
1.4E-21 
1.M-21 
1.7E-21 
1.9E-21 
2.2E-21 
2.5E-21 
2.8E-21 
3.4E-21 
3.4E-21 
3.4E-21 
3.4521 
3.M-21 
3.M-21 
3.6521 
3.6E-2 1 
3.6E-21 
3.8E-21 
3.8E-21 
3.8521 
3.8E-21 
3.6E-21 
3.8E-21 
3.8E-21 
3.8E-21 
3.8E-21 
3.W-21 
3.6E-21 
3.8E-21 
3.8E-21 
3.8E-21 
3.8E-21 
3.8E-21 

3.1 
3.1 
2.7 
2.8 
3.1 
2.9 
2.9 
2.9 
2.8 
2.8 
2.6 
2.7 
2.6 
2.5 
2.7 
2.6 
2.5 
2.6 
2.6 
2.4 
2.6 
2.6 
2.6 
2.4 
2.6 
2.6 
2.6 
2.7 
2.6 
2.5 
2.4 
2.6 
2.4 
2.5 
2.6 
2.6 
2.6 

1 
Total Dose 

GM ISv/year) GSDI 

6.9E-12 
1.9E-10 
2.2E- 10 
7.OE-10 
4.6 E-08 
9.3E-09 
4.OE-09 
4.OE-09 
4.6E-09 
9.3E-09 
'1 .1  E-08 
8.5E-09 
1.9E-08 
l.lE-09 
1.3E-09 
1.6E-09 
4.OE-09 
1.2E-09 
3.2E-10 

'2.7E-10 
2.8E-10 
3.6E-09 
1.2E-10 
9.1E-11 
9.2E-11 
8.6E-11 
1 . O E - 1 0  
1.3E-10 
1.2E-10 
1.N-10 
3.6E-10 
3.6510 
1.2E-10 
2.OE-10 
1.4E-10 
1.4E-10 
9.5E-11 

2.2 I 
2.2 I 
2.2 I 
2.2 I 
2.3 1 
2.3 I 

2.21 
2.2 ~ 

2.21 
2.2, 
2.2) 
2.21 
2.2; 
2.11 
2.1, 

2.z1 
2.2, 
2.0, 
1 .gl 

2.2 
1 .E 
2.0 
1.9 
2.0 
1.9 

1.9 
1.9 
1.9 
2.0 

1.9 
1.9 

2.2 

1.9 

1.9 

1.9 

1.8 
2.0 

1 



Pathway-Spdflc OOMs Assodated with Routine Alrbome Release of plutonhnn-239/240 
Longmont 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1966 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (Svlvear) GSD 

2.2E-12 
7.lE-11 
7.9E-11 
2.6E-10 
1.6E-08 
3.4E-09 
1.4E-09 
1.4E-09 
1.M-09 
3.4E-09 
4.OE-09 
3.1 E-09 
7.1 E-09 
3.5E- 10 
4.4E- 10 
5.3E- 10 
1.4E-09 
4.1510 
8.1E-11 
6.7E-11 
6.8E-11 
1.2E-09 
1.3E-11 
5.3E-12 
5.3E-12 
3.751 2 
7.4E-12 
1.6511 
1.1E-11 
2:7E-11 
1.OE-10 
1.OE-10 
1.2E-11 
3.9E-11 
2.OE-11 
2.1E-11 
6.1 E-1 2 

2.2 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.3 
2.2 

Soil Ingestion 
GM ISvlyeer) GSD 

2.6E-16 
9.1 E-1 5 
2.1514 
5.7E-14 
2.1E-12 
2.7E-12 
2.9E-12 
3.2E-12 
3.5E-12 
4.051 2 
4.7E-12 
6.2E.12 
6.3E-12 
6.351 2 
6.451 2 
6.5E-12 
6.8E-12 
6.8E-12 
6.8E-12 
6.W-12 
6.8E-12 
7.OE-12 
7.OE-12 
7.OE-12 
7.OE-12 
7.OE-12 
7.1E-12 
7.051 2 
7.1E-12 
7.1 E-1 2 
7.1E-12 
7.1 E-1 2 
7.1E-12 
7.1 E-1 2 
7.1512 
7.1E-12 
7.1E-12 

3.7 
3.8 
3.6 
3.3 
4.0 
3.5 
3.5 
3.6 
3.6 
3.4 
3.4 
3.3 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.2 
3.2 
3.2 
3.4 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.5 
3.2 
3.4 
3.2 

Vegetable Ingestion 
GM (Svlyear) GSD 

3.5E-14 
1.1E-12 
1.3E-12 
4.1 E-1 2 
2.7E-10 
5.5E-11 
2.451 1 
2.3E-11 
2.7E-11 
5.5E-11 
6.5E-11 
5.OE-11 
1.1 E-1 0 
6.2E-12 
7.8E-12 
9.3E-12 
2.451 1 
7.2E-12 
1.7E-12 
1.5E-12 
1.5E-12 
2.1E-11 
4.7E-13 
2.6E-13 
2.9E-13 
2.4E-13 
3.4E-13 
5.4513 
4.3513 
7.7E-13 
2.1E-12 
2.1 E- 1 2 
4.4E-13 
1 .OE-12 
6.2E-13 
6.4E-13 
3.2E-13 

3.4 
3.1 
3.3 
3.4 
3.2 
3.3 
3.5 
3.3 
3.5 
3.2 
3.4 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.0 
2.9 
3.1 
3.0 
3.3 
3.7 
4.2 
4.2 
4.4 
4.0 
3.6 
3.7 
3.4 
3.1 
3.1 
3.6 
3.2 
3.4 
3.4 
3.9 

Ground Exposure 
GM ISvlvear) GSD 

3.6E-18 
1.2E-16 
2.9E-16 
7.8E-16 
2.9E-14 
3.7E-14 
4.OE-14 
4.4E-14 
4.8E-14 
5.5E-14 
6.4E-14 
7.1E-14 
8.M-14 
8.7E-14 
8.8E-14 
8.9E-14 
9.2E-14 
9.3E-14 
9.3E-14 
9.4E-14 
9.4E-14 
9.M-14 
9.N-14 
9.6E-14 
9.M-14 
9.S-14 
9.7E-14 
9.6E-14 
9.7E-14 
9.7E-14 
9.7E-14 
9.7E-14 
9.7514 
9.7E-14 
9.7E-14 
9.7E-14 
9.7E-14 

2.7 
2.0 
2.3 
2.2 
2.6 
2.3 
2.3 
2.2 
2.3 
2.1 
2.1 
2.0 
2.0. 
2.1 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.0 
2.0 
2.0 
2.1 
2.1 
2 .o 
2.0 
2.0 
2.1 
2.0 
2.1 
2 .o 
2.0 
2.1 
2.0 
2.0 
2.0 

NOTES: 
1 ) E-01 is the same a8 the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM E Geometric Mean 
3) GSD E Geometric Standard Deviation 
4) Sv I Sievert: 1 Sv = 1 0 0  rem 

1 of 2 

Immersion 
GM (Sv/year) GSD 

2.1 E-22 
6.9E-21 
7.6E-21 
2.5E-20 
1.M-18 
3.3E-19 
1.4E-19 
1.4E-19 
1.M-19 
3.3E-19 
3.9E-19 
3.OE-19 
6.9E-19 
3.4E-20 
4.3E-20 
6.2E-20 
1.4E-19 
4.OE-20 
7.8E-21 
6.W-21 
8.6E-21 
1.2E-19 
1.3521 
6.1 E-22 
6.2E-22 
3.6E-22 
7.1 E-22 
1.6E-21 
1.1E-21 
2.6E-21 
9.9E-21 
9.9E-21 
1.2E-21 
3.8E-21 
2.OE-21 
2.OE-21 
5.9E-22 

2.3 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.2 
2.2 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.3 
2.2 
2.3 
2.2 
2.2 
2.2 
2.3 
2.2 
2.2 
2.2 
2.2 
2.3 
2.3 
2.2 
2.3 
2.3 
2.3 



Pmthwsy-SpedRc Dosea Assodasd wlth Routine Airborne Rebase of Plutanlum-239/240 (continued) 
Longmom 
11953 - 1989) 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 

- 1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Wheat Ingestion 
GM ISv/yeer) GSD 

2.5E-18 
8.5E-17 
1.9E-16 
5.3E-16 
2.OE-14 
2.6E-14 
2.7E-14 
3.OE-14 
3.3E-14 
3.8E-14 
4.4E-14 
4.M-14 
5.9E-14 
5.9E-14 
6.OE-14 
6.1 E-1 4 
6.3E-14 
6.4E-14 
6.4E-14 
6.4E-14 
6.4E-14 
6.6E-14 
6.5514 
6.M-14 
6.M-14 
6.6E-14 
6.6E-14 
8.M-14 
6.6E-14 
6.6E-14 
8.M-14 
6.6E-14 
6.6E-14 
6.6E-14 
6 .N-14  
6.M-14 
6.6E- 14 

9.0. 
9.3 
9.0 
9.2 
9.1 
6.8 
8.9 
8.9 
9.1 
8.8 
8.6 
9.0 
8.6 
8.7 
8.5 
9.2 
8.7 
9.2 
8.4 
8.5 
9.0 
8.6 
9.1 
8.6 
8.8 
8.3 
9.1 
8.7 
8.7 
8.9 
8.8 
8.6 
8.7 
9.3 
8.6 
8.3 
9.1 

Milk Ingestion 
GM (Svlyear) GSD 

2.5E-18 4.9 
6.051 7 4.5 
9.8E-17 4.8 
3.1E-16 4.5 
1.9E-14 4.6 
5.5E-15 4.3 
3.4E-15 4.1 
3.4E-15 4.0 
3.9E-15 4.3 
6.2E-15 4.3 
7.2E-15 4.4 
6.4E-15 4.4 
1.2E-14 4.6 
3.5515 3.9 
3.6E-15 ' 3.9 
3.8E-15 4.1 
5.3E-15 3.9 
3.8E-15 3.8 
3.2515 4.3 
3.2E-15 3.8 
3.2E-15 4.4 
5.1E-15 4.0 
3.1E-15 4.1 
3.1E-16 4.3 
3.151 5 4.4 
3.1E-16 4.1 
3.1 E-1 5 4.2 
3.1E-16 4.3 
3.1E-15 4.1 
3.2E-15 4.1 
3.3E-15 4.3 
3.3E-15 4.3 
3.2E-15 4.4 
3.2E-15 4.1 
3.2E-15 4.4 
3.2E-15 4.4 
3.1E-15 4.4 

Beef Ingestion 
GM (Svlyear) GSD 

1.8E-17 
5.8E-16 
7.OE-16 
2.2E-15 
1.4E-13 
3.9E-14 
2.4E-14 
2.4E-14 
2.7E-14 
4.4E-14 
5.2E-14 
4.5E-14 
8.2E-14 
2.3E-14 
2.4E-14 
2.6E-14 
3.6E-14 
2.6E-14 
2.1E-14 
2.1 E.- 14 
2.1E-14 
3.5E-14 
2.1E-14 
2.OE-14 
2.OE-14 

' 2.OE-14 
2.OE-14 
2.1 E-1 4 
2.1514 
2.1E-14 
2.2E-14 
2.2E-14 
2.1E-14 
2.1 E-1 4 
2.1 E-1 4 
2.1 E-1 4 
2.1 E-1 4 

4.2 
4.0 
4.2 
3.9 
4.5 
4.0 
3.6 
3.4 
3.5 
3.9 
3.5 
3.6 
3.7 
3.4 
3.4 
3.4 
3.4 
3.3 
3.8 
3.7 
3.6 
3.3 
3.7 
3.8 
3.7 
3.9 
3.7 
3.5 
3.7 
3.7 
3.7 
3.4 
3.6 
3.6 
3.7 
3.7 
3.6 

Inhalation of 
Resuspended Particulates 
GM (Svlyear) GSD 

5.5E-16 
1.9E-14 
4.3E-14 
1.2E-13 
4.3E-12 
5.5E-12 
6.151 2 
6.M-12 
7.2E-12 
8.3E-12 
9.7E-12 
1 . l E - l l  
1.3E-11 
1.3511 
1.3E-11 
1.3E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.4E-11 
1.5E-11 
1.6E-11 
1.551 1 
1.5E-11 
1.551 1 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 
1.5E-11 

3.3 
3.1 
2.8 
2.7 
3.0 
2.8 
2.8 
2.8 
2.8 
2.7 
2.6 
2.6 
2.5 
2.7 
2.7 
2.5 
2.6 
2.5 
2.7 
2.7 
2.5 
2.5 
2.7 
2.8 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 

NOTES: 
I )  E-01 is the same a8 the value divided by io*; E-02 is the same as the value divided by 1V; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 
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Immersion in 
Resuspended Particulates 
GM (Sv/year) GSD 

5.3626 
1.8E-24 
4.2E-24 
l . lE-23 
4.2E-22 
6.4E-22 
5.9E-22 
6.4E-22 
6.9522 
8.1 E-22 
9.4E-22 
1.OE-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.3E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 
1.4E-21 

3.3 
3.1 
2.8 
2.7 
3.1 
2.8 
2.8 
2.9 
2.8 
2.8 
2.6 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.6 
2.7 
2.7 
2.6 
2.6 
2.8 
2.8 
2.6 
2.4 
2.7 
2.5 
2.6 
2.5 
2.7 
2.6 
2.6 
2.6 
2.8 
2.7 
2.6 

I 
Total Dose ' 

GM ISv/yeer) GSD 

2.2E-12 
7.3E-11 
8.1E-11 
2.6E-10 
1.7E-08 
3.5E-09 
1.5E-09 
1.5E-09 
1.7E-09 
3.5E-09 
4.1 E-09 

. 3.2E-09 
7.3E-09 
4.OE-10 
4.9E-10 
6.9E-10 
1.6E-09 
4.6E-10 
1.2E-10 
1.lE-10 
l.lE-10 
1.3E-09 
4.6E-11 
3.4E-11 
3.5E-11 
3.2E-11 
3.851 1 
4.9E-11 
4.2E-11 
6.1E-11 
1.4E-10 
1.4E-10 
4.4E-11 
7.5E-11 
5.551 1 
5.4E-11 
3.6E-11 

1 
2.21 
2.21 

2.2' 
2.31 
2.2 

2.2 

2.21 

2.2; 

2.2 
2.2 
2.2 
2.2 

2.1: 
2.1, 
2.2 
2.2 
2.0 
1.9 
1.9 
1.9 
2.2 
1.9 
2.0 
1 .s 
2.0 
2.0 
1.9 
1.9 
1 .a 
2.0 
1 .s 
1.9 
1.9 
1 .a 

1.9 

2.2 

1.9 



PATHWAY-SPECIFIC DOSES ASSOCIATED 
. WITH ROUTINE AIRBORNE RELEASE 

OF TRITIUM 



Inhalation Dose Associated with R d n e  Airborne Emlssions of Tritium 
(1 953-1 989) 

Year 

1953-1 967 
1968-1 973 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Sector 1 
GM (Svlyear) GSD 

6.5E-8 3.1 
5.5E-8 2.0 
5.4E-9 2.0 

8.5E-10 2.0 
6.8E-10 2.1 
3.1 E-1 0 2.1 
5.OE-10 2.1 
4.8E-10 2.1 
4.4E-10 2.1 
2.4E-10 2.1 
1.3E-10 2.1 
9.2E-11 2.1 
7.9E-11 2.0 
9.2E-11 2.1 
1.2E-10 2.0 
9.6E-11 2.1 
1.5E-11 2.1 
9.6E-11 2.0 

Sector 2 
GM (Svlyear) GSD 

2.7E-8 3.1 
2.3E-8 2.0 
2.3E-9 2.1 

3.6E-10 2.1 
2.9E-10 2.1 
1.3E-10 2.1 
2.1E-10 2.1 
2.OE-10 2.1 
1.6E-10 2.1 
1 .OE-10 2.1 
5.5E-11 2.1 
3.9E-11 2.1 
3.3E-11 2.1 
3.9E-11 2.1 
5.2E-11 2.1 
4.1E-11 2.1 
6.3E-12 2.1 
4.1E-11 2.1 

Sector 3 
GM (Svlyear) GSD 

2.5E-8 
2.2E-8 
2.1 E-9 

3.3E-10 
2.7E-10 
1.2E-10 
2.OE-10 
1.9E-10 
1.7E-10 
9.4E-11 
5.1E-11 
3.6E-11 
3.1E-11 
3.6E-11 
4.9E-11 
3.8E-11 
5.8E-12 
3.8E-11 

3.2 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.1 
2.1 

NOTES: 
1) E-01 is the same a5 the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Sector 4 
GM (Svlyear) GSD 

8.3E-8 3.2 
7.1 E-8 2.0 
7.OE-9 2.1 
l. lE-9 2.1 

8.6E-10 2.1 
3.9E-10 2.1 
6.4E-10 2.1 
6.1 E-10 2.1 
5.6E-10 2.1 
3.1E-10 2.1 
1.7E-10 2.1 
1.2E-10 2.1 
1 .OE-10 2.1 
1.2E-10 2.1 
1.6E-10 2.1 
1.2E-10 2.1 
1.9E-11 2.1 
1.2E-10 2.1 

Sector 5 
GM (Svlyear) GSD 

3.OE-8 3.3 
2.6E-8 2.0 
2.5E-9 2.1 

3.9E-10 2.1 
3.1E-10 2.0 

2.1 1.4E- 10 
2.3E-10 2.1 
2.2E-10 2.0 
2.OE-10 2.1 
l . lE-10 2.1 
6.1E-11 2.1 
4.2E-11 2.1 
3.6E-11 2.1 
4.2E-11 2.0 
5.8E-11 2.1 
4.5E-11 2.1 
6.9E-12 2.1 
4.5E-11 2.1 
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Inhatatton Dose Associated wkh Routine Airborne Emissions of Tritium (continued) 
(1 953-1 9891 

Year 

1953-1 967 
1968-1 973 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Sector 6 
GM (Svlyear) GSD 

1.2E-8 3.2 
1.1E-8 1.9 
1 .OE-9 2.1 

1.6E-10 2.1 
1.3E-10 2.0 
5.8E-11 2.0 
9.6E-11 2.1 
9.2E-11 2.0 
6.4E-11 2.1 
4.6E-11 2.0 
2.5E-11 2.1 
1.8E-11 2.1 
1.5E-11 2.1 
1 .8E-l1 2.1 
2.4E-11 2.1 
1.8E-11 2.1 
2.8E-12 2.1 
1.8E-11 2.1 

Sector 7 
GM (Svlyear) GSD 

1.2E-8 3.2 
1 .OE-8 2 .o 

9.8E-10 2.1 
1.5E-10 2.1 
1.2E-10 2.1 
5.5E-11 2.2 
9.OE-11 2.1 
8.6E-11 2.1 
7.8E-11 2.1 
4.3E-11 2.1 
2.3E-11 2.2 
1.6E-1 1 2.1 
1.4E-11 2.1 
1.6E-11 2.1 
2.2E-11 2.1 
1.7E-11 2.1 
2.7E-12 2.1 
1.7E-11 2.1 

Sector 8 
GM (Svlyear) GSD 

3.8E-8 3.1 
3.3E-8 1.9 
3.2E-9 2.1 

5.OE-10 2.1 
4.OE-10 2.0 
1.8E-10 2.1 
2.9E-10 2 .o 
2.8E-10 2.1 
2.6E-10 2.1 
1.4E-10 2.0 
7.7E-11 2.1 
5.4E-11 2.1 
4.6E-11 2.1 
5.4E-11 2.1 
7.3E-11 2.1 
5.6E-11 2.1 
8.7E-12 2 .o 
5.7E-11 2.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is thksarne as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3)- GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Sector 9 
GM (Svlyear) GSD 

1.5E-8 3.2 
1.3E-8 2 .o 
1.3E-9 2.1 

2.OE-10 2.1 
1.6E-10 2.1 
7.1E-11 2.1 
1.2E-10 2.0 
l. lE-10 2.1 
1 .OE-10 2.1 
5.5E-11 2.1 
3.OE-11 2.1 
2.1E-11 2.1 
1.8E-11 2.1 
2.lE-11 2.1 
2.9E-11 2.0 
2.2E-11 2.1 
3.4E-12 2.1 
2.2E-11 2.1 

Sector 10 
GM (Svlyear) GSD 

6.1 E-9 3.2 
5.2E-9 2.0 

5.1 E-1 0 2.1 
8.OE-11 2.1 
6.4E-11 2.1 
2.9E-11 2.1 
4.7E-11 2.1 
4.5E-11 2.1 
4.1E-11 2.1 
2.3E-11 2.1 
1.2E-11 2.2 
8.6E-12 2.1 
7.4E-12 2.1 
8.6E-12 2.1 
1.2E-11 2.2 
9.OE-12 2 .o 
1.4E-12 2.1 
9.OE-12 2.0 
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I 

Inhalaion Dose Asroci~~ted with Routine Airborne Emissions of Tritium (continued) 
(1953-1989) 

Year 

1953-1 987 
1968-1 973 

1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Sector 11 
GM (Svlyear) GSD 

5.7E-9 
4.9E-9 

4.8E-10 
7.5E-11 
8.OE-11 
2.7E-11 

. 4.4E-11 
4.2E-11 
3.9E-11 
2.lE-11 
1.2E-11 
8.1E-12 
6.9E-12 
8.1 E-1 2 
1.1E-11 
8.5E-12 

; 1.3E-12 
8.5E-12 

3.2 
2.0 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 

Sector 12 
GM (Svlyear) GSD 

1.9E-8 3.2 
1.6E-8 2.0 
1.6E-9 2.1 

2.5E-10 2.1 
2.OE-10 2.1 
9.OE- 1 1 2.1 
1.5E-10 2.1 
1.4E-10 2.1 
1.3E-10 2.1 
7.OE-11 2.1 
3.8E-11 2.1 
2.7E-11 2.1 
2.3E-11 2.1 
2.7E-11 2.1 
3.6E-11 2.1 
2.8E-11 2.1 
4.3E-12 2.1 
2.8E-11 2.1 

Denver 
GM (Svlyeer) GSD 

7.OE-9 3.1 
6.OE-9 1.9 
5.9E-10 2.0 
9.2E-11 2.0 
7.3E-11 2.1 
3.3E-11 2.0 
5.4E-11 2.1 
5.2E-11 2.1 
4.7E-11 2.0 
2.6E-11 2.1 
1.4E-11 2 .o 
9.9E-12 2.1 
8.5E-12 2.1 
9.9E-12 2.1 
1.3E-11 2.1 
1 .OE-1 1 2 .o 
1.6E-12 2.0 
1 .OE-1 1 2.1 

Lakewood 
GM (Svlyear) . GSD 

8.6E-9 3.2 
7.4E-9 2 .o 

7.3E-10 2.1 
l . l E - 1 0  2.1 
9.OE-11 2.1 
4.1 E-1 1 2.1 
6.7E-11 2.1 
6.4E-11 2.1 
5.8E-11 2.1 
3.2E-11 2.1 
1.7E-11 2.1 
1.2E-11 2.1 
1 .OE-1 1 2.1 
1.2E-11 2.1 
1.7E-11 2.1 
1.3E-11 2.1 
2 .OE- 1 2 2.1 
1.3E-11 2.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Longmont 
GM (Svlyeer) GSD 

3.1 E-9 3.1 
2.EE-9 2.1 

2.6E-10 2.1 
4.OE-11 2.1 
3.2E-11 2.1 

2.1 1.5E-11 
2.4E-11 2.1 
2.3E-11 2.1 
2.1E-11 2.1 
1.lE-11 2.1 
8.2E-12 2.1 
4.4E-12 2.1 
3.7E-12 2.1 
4.4E-12 2.2 
5.9E-12 2.2 
4.6E- 12 2.1 
7.1E-13 2.1 
4.6E-12 2.2 
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WITH ROUTINE AIRBORNE RELEASE 
OF BERYLLIUM 

I 

1 

Q 



Pathway-Specific Doses Asssodated with R d n e  Alrbome Release of Beryllium 
Sector 1 
(1958 - 1989) - 

Year 

7 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

NOTES: 

~ ~~ 

Inhalation 
GM (Clglyear) GSD 

1.4E-04 
1.4E-04 
1.4E-04 
l.lE-04 
7.1 E-05 
1.3E-04 
1.3E-04 
3.2 E-04 
3.5E-04 
3.4E-04 
3.9E-04 
2.6E-04 
1.5E-04 
1 .2E-04 
1.5E-05 
5.4E-05 
7.7E-05 
4.OE-05 
2.8E-05 
3.8E-05 
1.3E-04 
1.1E-05 
8.2E-06 
1.5E-06 ' 

7.7E-07 
5.5E-15 
2.4E-06 
3.8E-06 
7.7E-07 
1.5E-06 
7.7E-07 
4.6E-06 

1 

2.6 
2.6 
2.7 
2.7 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.8 
2.5 
2.4 
2.5 

~ 

Soil Ingestion 
GM b l y e a r )  GSD 

3.5E-08 4.3 
8.3E-08 3.7 
1.3E-07 3.5 
1.8E-07 3.5 
2.OE-07 3.5 
2.5E-07 3.4 
3.OE-07 3.4 
4.1 E-07 3.3 
5.4E-07 3.3 
6.6E-07 3.3 
8.1 E-07 3.2 
9.1 E-07 3.5 
9.6E-07 3.1 
1 .OE-06 3.4 
1 .OE-06 3.2 
1 .OE-06 3.3 
l.lE-06 3.0 
l.lE-06 3.1 
l.lE-06 3.3 
1.1 E-06 3.3 
1.2E-06 3.4 
1.2E-06 3.2 
1.2E-06 3.4 
1.2E-06 3.3 
1.2E-06 3.2 
1.2E-06 3.3 
1.2E-06 3.2 
1.2E-06 3.3 
1.2E-06 3.3 
1.2E-06 3.4 
1.2E-06 3.2 
1.2E-06 3.3 

Vegetable Ingestion 
GM lpglyear) GSD 

4.6E-06 
4.6E-06 
4.6E-06 
3.9E-06 
2.4E-06 
4.3E-06 
4.3E-06 
l.lE-05 
1.2E-05 
1.2E-05 
1.3E-05 
9.OE-06 
5.2E-06 
4.3E-06 
7.2E-07 
2.1 E-06 
2.8E-06 
1.6E-06 
1.2E-06 
1.5E-06 
4.7E-06 
6.1 E-07 
4.9E-07 
2.OE-07 
1.6E-07 
1 . l  E-07 
2.4E-07 
3.OE-07 
1.6E-07 
2.OE-07 
1.7E-07 
3.4E-07 

3.7 
3.8 
3.9 
3.7 
3.7 
3.5 
3.6 
3.5 
3.6 
3.8 
3.6 
3.5 
3.5 
3.4 
3.1 
3.6 
-3.1 
3.2 
3.2 
3.2 
3.2 
2.9 
3.0 
2.7 
3.0 
3.9 
2.9 
2.8 
3.2 
2.9 
2.9 
3.0 

1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)yg = microgram 
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Wheat Ingestion 
GM lpglyear) GSD 

2.3E-09 
5.5E-09 
8.8E-09 
1.2E-08 
1.4E-08 
1.7E-08 
2.OE-08 
2.7E-08 
3.6E-08 
4.4E-08 
5.3E-08 
6.OE-08 
6.4E-08 
6.7E-08 
6.7E-08 
6.8E-08 
7.1 E-08 
7.1 E-08 
7.2E-08 
7.3E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 
7.7E-08 

4.6 
4.0 
4.1 
3.9 
3.9 
3.7 
3.8 
3.6 
3.7 
3.8 
3.7 
3.6 
3.6 
3.6 
3.5 
3.6 
3.6 
3.8 
3.6 
3.6 
3.6 
3.8 
3.8 
3.7 
3.6 
3.8 
3.4 
3.5 
3.6 
3.9 
3.6 
3.6 

I 
Milk Ingestion I 

GM lj~glyear) GSD 

3.OE-09 
3.4E-09 
3.7E-09 
3.4E-09 
2.6E-09 
4.1 E-09 
4.4E-09 
9.1 E-09 
1 .OE-08 . 
l.lE-08 
1.3E-08 
1 . 1 E-08 
8.2E-09 
7.7E-09 
4.7E-09 
6.OE-09 
6.7E-09 
5.8E-09 
5.4E-09 
5.9E-09 
8.7E-09 
5.1 E-09 
5.OE-09 
4.7E-09 
4.7E-09 
4.7E-09 
4.8E-09 
4.8E-09 
4.7E-09 
4.7E-09 
4.7E-09 
4.9E-09 

I 
5.1 
4.9 
4.5 
4.2 
f.6 
9.5 
k.4 
14.4 
'4.6 
14.7 
14.4 
I 
14.2 

/ 4.0 

i "3:; 
I 4.0 ' 3.0 ' 3.6 1 4.0 
i 4.0 
I 4.2 

I 4.1 
I 4.0 

1 3.9 

' 4.4 

1 4.1 

i 4.5 

1 4.1 
1 4.2 

I 

I 



Pathway-Speelfic Doses Associated with R d n e  Airborne Release of Bafllum (contlnued) 
Sector 1 
(1958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1982 
1983 
1964 
1985 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

I - 

Beef Ingestion 
GM h l y e a r )  GSD 

2.8E-06 4.5 
3.1 E-06 4.7 
3.5E-06 4.3 
3.2E-06 3.9 
2.4E-06 3.8 
3.9E-06 4.2 
4.1 E-06 4.0 
8.6E-06 4.3 

. 9.6E-06 4.1 
1 .OE-05 4.0 
1 .2E-05 4.3 
9.9E-06 3.6 
7.6E-06 4.0 
7.OE-06 3.7 
4.1 E-06 3.7 
5.4E-06 3.9 
6.1 E-06 3.5 
5.1E-06 3.7 
4.8E-06 3.7 
5.2E-06 3.8 
7.8E-06 3.6 
4.5E-06 4.0 
4.3E-06 3.8 
4.1 E-06 3.9 
4.OE-06 3.7 
4.OE-06 3.8 
4.1 E-06 4.0 
4.2E-06 3.8 
4.OE-06 4.0 
4.1 E-06 3.9 
4.1 E-06 3.9 
4.2E-06 4.0 

Inhalation of 
Resuspended Particulates 
GM lpglyear) GSD 

3.5E-08 
8.2E-08 
1.3E-07 
1.7E-07 
2.OE-07 
2.5E-07 
3.OE-07 
4.1 E-07 
5.3E-07 
6.5E-07 
8.OE-07 
9.OE-07 
9.5E-07 
1 .OE-06 
1 .OE-06 
1 .OE-06 
l. lE-06 
l. lE-06 
1.1E-06 
l . lE-06 
l. lE-06 
1 . l  E-06 
l . lE-06 
l. lE-06 
1.1 E-06 
1.2E-06 
1.1 E-06 
1.1 E-06 
l . lE-06 
l . lE-06 
1.1 E-06 
l. lE-06 

3.6 
3.1 
2.9 
2.7 
2.7 
2.7 
2.5 
2.5 
2.6 
2.6 
2.7 
2.5 
2.6 
2.5 
2.4 
2.5 
2.5 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.4 
2.6 
2.6 
2.7 
2.5 
2.5 
2.6 

Total Inhalation 
GM lpglyear) GSD 

1.4E-04 2.6 
1.4E-04 2.6 
1.4E-04 2.7 
1.2E-04 2.7 
7.2E-05 2.6 
1.3E-04 2.6 
1.3E-04 2.5 
3.2E-04 2;6 
3.5E-04 2.6 
3.5E-04 2.6 
4,OE-04 2.6 
2.7E-04 2.5 
1.5E-04 2.6 
1.2E-04 2.5 
1.7E-05 2.4 
5.6E-05 2.5 
7.9E-05 2.4 
4.2E-05 2.4 
3.1 E-05 2.4 
4.OE-05 2.4 
1.3E-04 2.4 
1.4E-05 2.3 
1 .OE-05 2.3 
3.1 E-06 2.1 
2.2E-06 2.1 
1.2E-06 2.4 
4.1 E-06 2.1 
5.7E-06 2.2 
2.3E-06 2.1 
3.1 E-06 2 .o 
2.2E-06 2.1 
6.4E-06 2.2 

Total Ingestion 
GM (Iglyear) GSD 

9.3E-06 3.4 
1 .OE-05 3.5 
1 .1'E-05 3.3 
9.6E-06 3.0 
6.8E-06 2.9 
1 . 1 E-05 3.0 
l.lE-05 2.9 

2.9E-05 3.0 
3.OE-05 3.0 
3.5E-05 3.0 
2.6E-05 2.7 
1.9E-05 2.8 
1.7E-05 2.5 
8.1 E-06 2.5 
1.2E-05 2.7 
1.3E-05 2.4 
l.lE-05 2.5 
9.9E-06 2.5 
l.lE-05 2.6 
1.9E-05 2.5 . 
8.5E-06 2.7 
8.OE-06 2.6 
7.2E-06 . 2.8 
7.1 E-06 2.7 
7.OE-06 2.8 
7.4E-06 2.8 
7.4E-06 2.7 
7.OE-06 2.9 
7.2E-06 2.8 
7.OE-06 2.7 
7.6E-06 2.7 

2.6E-05 3.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Pathway-Specttlc Doms Assodoted with Routine Airborne Rdease of Beryllium 
Sector 2 
(1968 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM luolveerl GSD 

5.8E-05 
5.8E-05 
5.8E-05 
4.8E-05 
3.OE-05 
5.3E-05 
5.3E-05 
1.4E-04 
1.5E-04 
1.5E-04 
1.7E-04 
1.1 E-04 
6.2E-05 
5.1E-05 
6.5E-06 
2.3E-05 
3.2E-05 
1.7E-05 
1.2E-05 
1.6E-05 i 
5.5E-05 
4.9E-06 
3.5E-06 
6.5E-07 a 

3.2E-07 
2.3E-15 
9.9E-07 
1.6E-06 
3.2E-07 
6.5E-07 
3.2E-07 
1.9E-06 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.7 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.4 
2.4 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 

Soil. Ingestion 
GM lualvear) GSD 

1.5E-08 
3.5E-08 
5.6E-08 
7.4E-08 
8.6E-08 
l. lE-07 
1.3E-07 
1.7E-07 
2.3E-07 
2.8E-07 
3.4E-07 
3.8E-07 
4.1 E-07 
4.3E-07 
4.3E-07 
4,4E-07 
4.5E-07 
4.6E-07 
4.6E-07 
4.7E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 
4.9E-07 

4.3 
3.8 
3.5 
3.6 
3.5 
3.2 
3.3 
3.4 
3.2 
3.4 
3.5 
3.0 
3.2 
3.2 
3.5 
3.1 
3.3 
3.2 
3.2 
3.2 
3.3 
3.2 
3.1 
3.2 
3.2 
3.2 
3.3 
3.3 
3.1 
3.4 
3.2 
3.1 

Vegetable Ingestion 
GM bg/year) GSD 

1.9E-06 3.6 
1.9E-06 3.8 
1.9E-06 3.8 
1.6E-06 3.7 
1 .OE-06 3.6 
1.8E-06 3.7 
1.8E-06 3.5 
4.6E-06 3.8 
4.9E-06 3.4 
4.9E-06 3.5 
5.6E-06 3.6 
3.8E-06 3.5 
2.2E-06 3.6 
1.8E-06 3.4 
3.OE-07 2.9 
8.7E-07 3.3 
1.2E-06 3.3 
6.7E-07 3.3 
5.1 E-07 3.1 
6.4E-07 3.1 
2.OE-06 3.3 
2.5E-07 2.8 
2.OE-07 2.8 
8.5E-08 3.0 
6.9E-08 2.9 
4.6E-08 3.4 
1 .OE-07 2.8 
1.3E-07 3.0 
6.8E-08 2.9 
8.6E-08 2.9 
6.8E-08 3.0 
1.4E-07 2.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4)pg = microgram 

(r 

Wheat Ingestion 
GM @/year) GSD 

9.8E-10 
2.3E-09 
3.7E-09 
4.9E-09 
5.7E-09 
7.OE-09 
8.3E-09 
l.lE-08 
1.5E-08 
1.8E-08 
2.2E-08 
2.5E-08 
2.7E-08 
2.8E-08 
2.8E-08 
2.9E-08 
3.OE-08 
3.OE-08 
3.1 E-08 
3.1E-08 
3.2E-08 

. 3.2E-08 
3.2E-08 
3.2E-08 
3.3E-08 
3.2E-08 
3.2E-08 
3.3E-08 
3.3E-08 
3.3E-08 
3.3E-08 
3.3E-08 

4.6 
3.8 
4.1 
3.8 
3.8 
3.8 
3.9 
3.8 
3.7 
3.9 
3.9 
3.7 
3.7 
3.6 
3.6 
3.7 
3.6 
3.7 
3.7 
3.8 
3.5 
3.5 
3.7 
3.6 
3.6.  
3.5 
3.7 
3.5 
3.6 
3.8 
3.6 
3.3 

1.3E-09 
1.4E-09 
1.5E-09 
1.5E-09 
l.lE-09 
1.7E-09 
1.9E-09 
3.9E-09 
4.4E-09 
4.6E-09 
5.4E-09 
4.5E-09 
3.4E-09 
3.2E-09 
2.OE-09 
2.5E-09 
2.9E-09 
2.4E-09 
2.3E-09 
2.5E-09 
3.6E-09 
2.2E-09 
2.1 E-09 
2.OE-09 
2.OE-09 
2.OE-09 
2.OE-09 
2.OE-09 

' 2.OE-09 
2.OE-09 
2.OE-09 
2.1 E-09 

Milk Ingestic 
GM (Ilelyear) 

- 
GSD 

5.1 
5.1 
4.8 
4.4 
4.2 
4.1 
4.5 
4.6 
4.8 
4.5 
4.4 
4.6 
4.1 
4.3 
4.1 
4.1 
3.7 
3.9 

- 

'3.8 
3.9 
3.9 
3.9 
4.0 
4.3 
4.0 
4.3 
4.1 
4.1 
4.1 
3.9 
4.1 

i 4.1 
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Pathway-Speciflc Doses Associated wlth Rwtlne Airborne Release of Beryllium (continued) 
Sector 2 
11958 - 19891 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967, 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Beef Ingestion 
GM h l y e a r )  GSD 

1.2E-06 4.6 
1.3E-06 4.5 
1.5E-06 4.1 
1.4E-06 4.1 
l. lE-06 4.1 
1.6E-06 ' 4.1 
1.7E-06 4.0 
3.7E-06 4.4 
4.1 E-06 4.2 
4.3E-06 4.0 
5.1 E-06 3.9 
4.1 E-06 4.0 
3.1 E-06 3.9 
2.9E-06 3.9 
1.7E-06 3.7 
2.3E-06 3.5 
2.6E-06 3.7 
2.2E-06 3.7 
2.OE-06 3.7 
2.2E-06 3.8 
3.3E-06 3.7 
1.9E-06 3.8 
1.8E-06 3.7 
1.7E-06 3.7 
1.7E-06 3.8 
1.7E-06 . 3.8 
1.7E-06 3.7 
1.8E-06 3.8 
1.7E-06 3.9 
1.7E-06 3.7 
1.7E-06 3.7 
1.8E-06 3.8 

Inhalation of 
Resuspended Particulates 
GM (pglyear) GSD 

1.5E-08 3.3 
3.5E-08 2.9 
5.5E-08 2.9 
7.3E-08 2.8 
8.5E-08 2.8 
1 .OE-07 2.7 
1.2E-07 2.8 
1.7E-07 2.6 
2.2E-07 2.6 
2.8E-07 2.6 
3.4E-07 2.5 
3.8E-07 2.5 
4.OE-07 2.5.  
4.2E-07 2.5 
4.2E-07 2.6 
4.3E-07 2.5 
4.4E-07 2.5 
4.5E-07 2.5 
4.5E-07 2.5 
4.6E-07 2.5 
4.8E-07 2.5 
4.8E-07 2.5 
4.8E-07 2.4 
4.9E-07 2.5 
4.8E-07 2.5 
4.8E-07 2.6 
4.8E-07 2.5 
4.8E-07 2.6 
4.9E-07 2.5 
4.8E-07 2.5 
4.8E-07 2.5 
4.9E-07 2.5 

Total Inhalation 
GM h l y e a r l  GSD 

5.8E-05 2.6 
5.8E-05 2.6 
5.8E-05 2.6 
4.9E-05 2.6 
3.OE-05 2.6 
5.4E-05 2.6 
5.3E-05 2.5 

. 1.4E-04 2.6 
1.5E-04 2.5 
1.5E-04 2.6 
1.7E-04 2.7 
l. lE-04 2.5 
6.3E-05 2.6 

i 5.1E-05 2.5 
7.2E-06 2.4 
2.4E-05 2.5 
3.3E-05 2.4 
1.8E-05 2.4 
1.3E-05 2.5 
1.7E-05 2.4 
5.6E-05 2.5 
5.7E-06 2.3 
4.3E-06 2.2 
1.3E-06 2.0 
9.5E-07 2 .o 
4.8E-07 2.6 
1.7E-06 2.1 
2.4E-06 2.2 
9.3E-07 2.1 
1.3E-06 2.1 
9.5E-07 2.0 
2.7E-06 2.2 

NOTES: 
1) E-01 le the same as the value divided by 10'; E-02 is the same 8s the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

. Total Ingestion 
GM lpglyeer) GSD 

4.OE-06 
4.2E-06 
4.5E-06 
4.OE-06 
2.9E-06 
4.6 E-06 
4.8E-06 
l.lE-05 
1.2E-05 
1.2E-05 
1.5E-05 
1.1E-05 
7.9E-06 
7.OE-06 
3.3E-06 
4.8E-06 
5.7E-06 
4.6E-06 
4.1 E-06 
4.5E-06 
7.9E-06 
3.6E-06 
3.3E-06 
3.OE-06 
3.OE-06 
2.9E-06 
3.1 E-06 
3.2E-06 
3.OE-06 
3.OE-06 
3.OE-06 
3.2E-06 

3.3 
3.3 
3.0 
3.0 
2.9 
3.0 
2.8 
3.3 
2.9 
3.0 
2.9 
2.8 
2.7 
2.7 
2.6 
2.5 , 

2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.6 
2.7 
2.7 
2.7 
2.6 
2.7 
2.8 
2.7 
2.7 
2.7 
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Pathway-Spodfic Doses Assodated with Routine Airborne Rdease of 8efytlIurn 
sector 3 
(1968 - 1989) - 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1989 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
,1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Cglyear) GSD 

5.3E-05 
5.6E-05 
5.6E-05 
4.3E-05 
2.8E-05 
4.9E-05 
5.OE-05 
1.2E-04 
1.4E-04 
1.4E-04 
1.5E-04 
1 .OE-04 
5.7E-05 
4.6E-05 
6.3E-06 
2.OE-05 
2.9E-05 
1.6E-05 
1.1E-05 
1.4E-05 
5.1 E-05 
4.3E-06 
3.5E-06 
6.OE-07 
3.1 E-07 
2.1E-15 
8.9E-07 
1.4E-06 
2.9E-07 
6.OE-07 
2.8E-07 
1.8E-06 

2.7 
2.6 
2.7 
2.6 
2.5 
2.7 
2.5 
2.7 
2.7 
2.5 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.3 
2.6 
2.6 
2.4 
2.5 
2.6 
2.6 
2.4 
2.6 
2.4 
2.3 
2.6 
2.5 
2.5 

Soil Ingestion 
GM blyear l  GSD 

1.5E-08 
3.4E-08 
5.1 E-08 
6.9E-08 
7.8E-08 
9.7E-08 
1.1 E-07 
1.5E-07 
2.1 E-07 
2.4E-07 
3.1 E-07 
3.3E-07 
3.3E-07 
4.OE-07 
4.2E-07 
4.3E-07 ' 

3.8E-07 
4.OE-07 
4.4E-07 
4.OE-07 
4.7E-07 
4.3E-07 
4.6E-07 
4.5E-07 
4.8E-07 
4.4E-07 
4.2E-07 
4.5E-07 
4.5E-07 
4.4E-07 
4.2E-07 
4.7E-07 

4.3 
3.6 
3.7 
3.6 
3.6 
3.4 
3.6 
3.5 
3.2 
3.3 
3.4 
3.4 
3.3 
3.1 
3.4 
3.1 
3.6 
3.1 
3.2 
3.5 
3.1 
3.2 
3.3 
3.1 
3.4 
3.3 
3.3 
3.2 
3.2 
3.3 
3.2 
3.2 

Vegetable Ingestion 
GM (uglyearl GSD 

1.6E-06 3.8 
2.OE-06 3.8 
1.8E-06 3.7 
1.4E-06 3.5 
9.4E-07 3.8 
1.7E-06 3.9 
1.9E-06 3.4 
4.2E-06 3.8 
4.4E-06 3.8 
5.2E-06 3.4 
5.2E-06 3.7 
3.4E-06 3.5 
1.9E-06 3.6 
1.7E-06 3.7 
2.8E-07 3.1 
7.8E-07 3.4 
l. lE-06 3.1 
6.9E-07 3.4 
4.8E-07 3.1 
5.9E-07 3.3 
1.7E-06 3.6 
2.3E-07 2.9 
1.8E-07 2.9 
8.OE-08 2.9 
6.3E-08 3.1 
4.2E-08 3.5 
9.6E-08 3.0 
1.2E-07 2.9 
6.2E-08 3.1 
8.2E-08 2.9 
6.1 E-08 3.0 
1.3E-07 3.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram 
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Wheat Ingestion 
GM bglyear) GSD 

9.3E-10 5.0 
2.2E-09 4.1 
3.4E-09 4.0 
4.4E-09 3.6 
5.OE-09 4.1 
7.3E-09 3.6 
8.3E-09 3.8 
1 .OE-08 3.6 
1.5E-08 3.9 
1.6E-08 3.5 
2.3E-08 3.7 
2.2E-08 3.9 
2.6E-08 3.8 
2.5E-08 3.6 
2.4E-08 3.8 
2.4E-08 3.7 
3.1 E-08 3.4 
3.OE-08 3.5 
3.1 E-08 3.8 
2.9E-08 4.0 
3.OE-08 3.4 
3.OE-08 3.6 
3.OE-08 3.5 
2.9E-08 3.8 
3.OE-08 3.7 
3.OE-08 3.4 
2.9E-08 3.7 
3.1 E-08 3.6 
3.2E-08 3.6 
3.1 E-08 3.7 
2.7E-08 3.5 
3.OE-08 3.7 

1 
Milk Ingestion, 

GM b l y e a r )  1 GSD 
1 

1.2E-09 
1.3E-09 
1.5E-09 
1.2E-09 
1 .OE-09 
1.6E-09 
1.7E-09 
3.8E-09 
4.1 E-09 
4.4E-09 
6.OE-09 
4.2E-09 
3.3E-09 
3.OE-09 
1.6E-09 
2.5E-09 
2.7E-09 
2.3E-09 
1.8E-09 
2.2E-09 
3.3E-09 
1.9E-09 
1.8E-09 
1.8E-09 
1.8E-09 
1.7E-09 
2.OE-09 
1.9E-09 
1.9E-09 
1.7E-09 
1.8E-09 
1.9E-09 

1 , 5.3 
1 5.i 

; 4.7 
1 f:f 

1 4.5 

4.7 
4.6 

I 4.6 

' 4.1 

{ 4.1 
I 4.1 
/ 4.1 
1 3.7 
I 4.0 
1 4.2 

4.3 

1 4.8 

; 4.3 

1 

I ::; I 3.7 

1 3.9 

, 4.4 
1 4.3 
i 4.1 

1 4.1 
1 1 4.0 , 4.2 
I 4.1 
1 
I 4.0 
' 4.4 
1 

1 
1 
1 
1 

1 
1 

1 

1 
1 
1 



Pathway-Speclflc Doat38 Associated with Routfne Alrborne Rdease of Beflurn ~continued) 
sector 3 
11958 - 1989) - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

' 1987 
1988 
1989 

Beef Ingestion 
GM h l y e a r l  GSD 

1 .OE-06 
1.3E-06 
1.4E-06 
1 .OE-06 
9.5E-07 
1.4E-06 
1.6E-06 , 

3.OE-06 
3.6E-06 
4.OE-06 
4.7E-06 
3.9E-06 
2.8E-06 
2.6E-06 
1.7E-06 
2.2E-06 
2.5E-08 
1.9E-06 
1.9E-06 
1.8E-06 
2.9E-06 
1.7E-06 
1.8E-06 
1.4E-06 
1.6E-06 
1.5E-06 
1.5E-06 
1.7E-06 
1.6E-06 
1.7E-06 
1.4E-06 
1.7E-06 

4.8 
4.4 
4.3 
3.9 
3.9 
4.3 
3.9 
4.3 
4.0 
4.2 
4.1 
4.1 
3.7 
3.7 
3.9 
3.7 
4.1 

' 4.0 
3.6 
3.8 
3.4 
3.7 
3.7 
4.0 
3.9 
3.8 
3.8 
3.8 
3.8 
4.1 
4.1 
3.8 

Inhalation of 
Resuspended Particulates 
GM bglyearl GSD 

1.4E-08 3.4 
3.3E-08 2.8 
5.4E-08 3.1 
6.6E-08 2.8 
7.9E-08 2.7 
9.9E-08 2.7 
1 . 1  E-07 2.6 
1.5E-07 2.5 
2.1 E-07 2.6 
2.5E-07 2.4 
2.9E-07 2.6 
3.5E-07 2.6 
3.7E-07 2.7 
3.8E-07 2.5 
3.7E-07 2.5 
4.1 E-07 2.5 
3.9E-07 2.6 
3.9E-07 2.5 
3.8E-07 2.5 
4.2E-07 2.6 
4.7E-07 2.5 
4.2E-07 2.4 
4.5E-07 2.5 
4.5E-07 2.5 
4.8E-07 2.6 
4.2E-07 2.5 
4.2E-07 2.6 
4.6E-07 2.5 
4.5E-07 2.6 
4.6E-07 2.4 
4.1 E-07 2.6 
4.6E-07 2.4 

Total Inhalation 
GM hlyearl  GSD 

5.3E-05 2.7 
5.7E-05 2.6 
5.6E-05 2.7 
4.3E-05 2.6 
2.8E-05 2.5 
4.9E-05 2.7 
5.1E-05 2.5 

2.7 
1.4E-04 2.7 
1.5E-04 2.5 
1.5E-04 2.6 
1 .OE-04 2.6 
5.8E-05 2.6 
4.7E-05 2.6 
6.9E-06 2.3 
2.OE-05 2.4 
3.'OE-05 2.4 
1.7E-05 2.4 
l.lE-05 2.3 
1.5E-05 2.5 
5.2E-05 2.6 
5.OE-06 2.2 
4.2E-06 2.3 
1.2E-06 2.1 
9.3E-07 2.1 
4.2E-07 2.5 
1.5E-06 2.1 
2.1 E-06 2.0 
8.5E-07 2.1 
1.2E-06 2.1 
8.1 E-07 2.1 
2.6E-06 2.2 

1.2E-04 

NOTES: 
1 )  E-01  is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Total Ingestion 
GM hlyearl  GSD 

3.4E-06 
C.2E-06 
4.3E-06 
3.2E-06 
2.6E-06 
4.1 E-06 
4.7E-06 
9.6E-06 
l.lE-05 
1.2E-05 
1.3E-05 
1 .OE-05 
7.1E-06 
6.4E-08 
3.2E-06 
4.6E-06 
5.5E-06 
4.3E-06 
3.8E-06 
3.9E-06 
6.9E-06 
3.2E-06 
3.3E-06 
2.6E-06 
2.8E-06 
2.5E-06 
2.7E-06 
3.OE-06 
2.7E-06 
3.OE-06 
2.6E-06 
3.1 E-06 

3.5 
3.3 
3.1 
2.8 
3.0 
3.2 
2.8 
3.1 
3.1 
2.9 
3.1 
2.8 
2.6 
2.6 
2.6 
2.5 
2.7 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.8 ' 

2.8 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.6 



Pathway-SpbdRc Doses Associated wHh Routine Airborne Release of Beryllium 
Sector 4 

L 
I1  958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM @g/year) GSD 

1.7E-04 
1.7E-04 
1.8E-04 
1.5E-04 
9.9E-05 
1.6E-04 
1.7E-04 

. 3.7E-04 
4.3E-04 
4.1 E-04 
5.OE-04 
3.4E-04 
1.9E-04 
1.4E-04 
1.9E-05 
6.76-05 
1 .OE-04 
5.4E-05 
3.5E-05 
4.4E-05 
1.6E-04 
1.6E-05 
1 .OE-05 
1.8E-06 
9.5E-07 
7.4E-15 , 

3.OE-06 
5.OE-06 
9.5E-07 
1.9E-06 
9.7E-07 
6.OE-06 

2.7 
2.6 
2.5 
2.4 
2.5 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.7 
2.5 
2.6 
2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 ' 

2.6 
2.5 
2.4 
2.6 
2.4 
2.5 
2.5 
2.4' 

Soil Ingestion 
GM lpglyear) GSD 

4.6E-08 4.3 
1 .OE-07 3.8 
1.7E-07 3.9 
2.3E-07 3.4 
2.7E-07 3.5 
3.1E-07 3.3 
3.6E-07 3.2 
5.2E-07 3.4 
6.6E-07 3.3 
9.1 E-07 3.1 
l. lE-06 3.6 
1 .OE-06 3.3 
1.2E-06 3.1 
1.3E-06 3.2 
1.2E-06 3.2 
1.4E-06 3.5 
1.4E-06 3.2 
1.4E-06 3.3 
1.4E-06 3.1 
1.4E-06 3.4 
1.4E-06 3.5 
1.7E-06 3.4 
1.4E-06 3.3 
1.5E-06 3.3 
1.4E-06 3.2 
1.5E-06 3.5 
1.5E-06 3.5 
1.6E-06 3.1 
1.5E-06 ' 3.3 
1.5E-06 3.5 
1.4E-06 3.6 
1.5E-06 3.4 

Vegetable Ingestion 
GM (Clglyear) GSD 

5.6E-06 3.9 
5.9E-06 3.5 
6.2E-06 3.6 
4.8E-06 3.6 
3.7E-06 3.4 
5.5E-06 4.0 
5.6E-06 3.8 
1.2E-05 3.7 
1.5E-05 3.7 
1.3E-05 3.7 
1.7E-05 3.4 
1.2E-05 3.3 
6.1 E-06 3.4 
5.5E-06 3.6 
9.8E-07 3.0 
2.4E-06 3.4 
4.OE-06 3.2 
2.2E-06 3.3 
1.5E-06 3.1 
1.9E-06 3.3 
5.9E-06 3.5 
7.8E-07 2.9 
5.7E-07 2.9 
2.3E-07 3.0 
2.2E-07 2.9 
1.5E-07 3.7 
3.2E-07 2.9 
4.1 E-07 2.8 
2.OE-07 3.1 
2.6E-07 2.9 
2.3E-07 3.1 
4.4E-07 3.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Wheat Ingestion 
GM (&year) GSD 

2.9E-09 
6.5E-09 
1.2E-08 
1.5E-08 
1.8E-08 
1.9E-08 
2.5 E-08 
3.4E-08 
4.4E-08 
5.5E-08 
7.5E-08 
7.6E-08 
8.7E-08 
8.6E-08 
8.6E-08 
9.1 E-08 
9.6E-08 
8.9E-08 
9.8E-08 
9.8E-08 
1 .OE-07 
9.8E-08 
9.7E-08 
8.5E-08 
1 .OE-07 
l.lE-07 
9.9E-08 
9.2E-08 
9.7E-08 
1 .OE-07 
9.8E-08 
9.8E-08 

4.7 
4.3 
4.0 
4.0 
3.9 
3.9 
4.1 
3.7 
3.9 
3.9 
3.5 
4.0 
3.5 
3.7 
3.7 
3.6 
3.8 
3.7 
3.8 
3.6 
3.9 
3.7 
3.7 
3.8 
3.3 
3.6 
3.7 
3.4 
3.7 
3.6 
3.8 
3.8 

3.6E-09 
4.5E-09 
5.OE-09 
4.1 E-09 
3.8E-09 
5.5E-09 
5.4E-09 
1.2E-08 
1.4E-08 
1.3E-08 
1.9E-08 
1.3E-08 
9.7E-09 
9.9E-09 
5.8E-09 
7.6E-09 
9.1 E-09 
8.OE-09 
7.1E-09 
6.9E-09 
1 . 1 E-08 
6.6E-09 
5.8E-09 
6.OE-09 
6.7E-09 
6.2E-09 
6.5E-09 
6.OE-09 
5.7E-09 
6.2E-09 
5.8E-09 
5.9E-09 

Milk Ingestion 
GM (lielyear) I GSD 

I 
i 
I 

1 
I 

I 
I 

I 
I 

I 
i 
I 

I 
I 
I 

I 

I 

i 
I 
I 

I 
I 
I 

I 

5.0 
4.9 
4.9 
4.4 
4.2 
4.6 
4.6 
4.7 
4.5 
4.5 
4.3 
4.0 
3.8 
4.1 
4.0 
3.9 
3.8 
4.0 
4.1 
4; 1 
3.9 
4.3 
4.1 
4.1 
4.5 
4.1 
4.2 
4.1 
4.2 
4.1 
4.5 
4.1 



Pathway-Speclflc Doses Assodated with Rwtlne Airborne Release of Beryllium (contlnued) 
Sector 4 
(1 958 - 19891 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

, 1988 
1989 

Beef Ingestion 
GM (Irglyear) GSD 

3.7E-06 4.7 
4.3E-06 4.4 
4.6E-06 4.3 
4.2E-06 3.8 
3.5E-06 4.0 
4.9E-06 4.3 
5.6E-06 3.9 
l.lE-05 4.0 
1.3E-05 4.4 
1.2E-05 3.8 
1.5E-05 4.1 
1.2E-05 3.7 
9.3E-06 3.8 
9.9E-06 3.5 
4.7E-06 3.6 
7.1 E-06 3.7 
7.6E-06 3.7 
6.6E-06 3.6 
5.9E-06 3.7 
6.4E-06 3.6 
1 .OE-05 3.6 
6.1 E-06 3.5 
5.7E-06 3.9 
5.1 E-06 4.1 
5.4E-06 3.9 
5.4E-06 4.0 
5.4E-06 4.3 
6.OE-06 4.1 
5.4E-06 3.7 
4.9E-06 4.1 
5.3E-06 4.1 
5.2E-06 3.8 

Inhalation of 
Resuspended Particulates 
GM mlyear) GSD 

4.6E-08 3.3 
1 .OE-07 3.0 
1.8E-07 2.9 
2.3E-07 2.7 
2.6E-07 2.9 
3.OE-07 2.8 
3.5E-07 2.7 
5.OE-07 2.6 
6.6E-07 2.5 
8.7E-07 2.5 
1 .OE-06 2.5 
l. lE-06 2.5 
1.2E-06 2.6 
1.2E-06 2.5 
1'.3E-06 2.5 
1.3E-06 2.7 
1.3E-06 2.6 
1.4E-06 2.6 
1.4E-06 2.5 
1.3E-06 2.6 
1.4E-06 2.6 
1.5E-06 2.6 
1.4E-06 2.6 
1.5E-06 2.5 
1.3E-06 2.6 
1.4E-06 2.6 
1.5E-06 2.7 
1.5E-06 2.5 
1.6E-06 2.5 
1.4E-06 2.6 
1.5E-06 2.7 
1.5E-06 2.5 

'Total Inhalation 
GM (Irglyear) GSD 

1.7E-04 2.7 
1.7E-04 2.6 
1.8E-04 2.5 
1.5E-04 2.4 
9.9E-05 2.5 
1.6E-04 2.7 
1.7E-04 2.7 
3.7E-04 2.7 
4.3E-04 2.6 
4.2E-04 2.6 
5.OE-04 2.6 
3.4E-04 2.5 
1.9E-04 2.5 
1.5E-04 2.4 
2.1E-05 2.5 
6.9E-05 2.5 
1 .OE-04 2.5 
5.7E-05 2.4 
3.7E-05 2.4 
4.6E-05 2.4 
1.6E-04 2.5 
1.8E-05 2.3 
1.3E-05 2.3 
3.8E-06 2.0 
2.7E-06 2.1 
1.4E-06 2.6 
5.3E-06 2.1 
7.4E-06 2.2 
2.9E-06 2.1 
3.9E-06 2.0 
2.9E-06 2.1 
8.4E-06 2.1 

Total Ingestion 
GM (Cg/yearl GSD 

1.2E-05 3.6 
1.3E-05 3.1 
1.4E-05 3.0 
1.2E-05 3.0 
9.9E-06 2.8 
1.4E-05 3.2 
1.5E-05 2.9 
3.1 E-05 3.0 
3.7E-05 3.1 
3.3E-05 2.9 
4.5E-05 2.9 
3.2E-05 2.7 
2.2E-05 2.7 
2.3E-05 2.6 
9.3E-06 2.5 
1.5E-05 2.5 
1.8E-05 2.5 
1.4E-05 2.4 
1.2E-05 2.5 
1.3E-05 2.5 
2.4E-05 2.6 
1.2E-05 2.5 
1 .OE-05 2.7 
9.OE-06 2.8 
8.9E-06 2.9 
9.3E-06 2.8 
917E-06 2.9 
l. lE-05 2.8 
9.4E-06 2.6 
8.8E-06 2.9 
9.2E-06 2.9 
9.5E-06 2.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Pathway-Specffic Doses Associated wlth Routine Alrbome Rdease of Beryllhrm 
Sector 5 
(1 968 - 1989) 

1 

1 

i 

1 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
GM (Cglyear) GSD 

6.OE-05 
6.3E-05 
6.6E-05 
5.OE-05 
3.3E-05 
5.8E-05 
6.3E-05 
1.4E-04 
1.5E-04 
1.7E-04 
1.7E-04 
1.3E-04 
7.1E-05 
6.5E-05 
6.5E-06 
2.4E-05 . 
3.4E-05 
1.8E-05 
1.3E-05 , 

1.7E-06 ' 

6.3E-05 
5.3E-06 
3.9E-06 
7.1 E-07 
3.6E-07 
2.5E-15 
1.2E-06 
1.9E-06 
3.7E-07 
6.9E-07 
3.6E-07 
2.4E-06 

2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.7 
2.6 
2.7 
2.6 
2.5 
2.7 
2.6 
2.5 
2.4 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.6 
2.6 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 

Soil Ingestion 
GM h l v e a r l  GSD 

1.7E-08 
3.7E-08 
6.4E-08 
8.5E-08 
9.3E-08 
l.lE-07 
1.3E-07 
1.8E-07 
2.3E-07 
3.2E-07 
4.OE-07 
4.2E-07 
4.2E-07 
4.7E-07 
4.8E-07 
4.3E-07 
4.9E-07 
4.6E-07 
4.8E-07 
5.2E-07 
5.8E-07 
5.1 E-07 
5.4E-07 
5.5E-07 
5.1E-07 
5.3E-07 
5.7E-07 
5.OE-07 
5.5E-07 
5.3E-07 
5.3E-07 
5.9E-07 

4.3 
4.0 
3.9 
3.7 
3.3 
3.5 
3.5 
3.4 
3.6 
3.3 
3.2 
3.3 
3.4 
3.3 
3.1 
3.5 
3.3 
3.3 
3.3 
3.3 
3.3 
3.4 
3.4 
3.1 
3.2 
3.2 
3.0 
3.4 
3.3 
3.2 
3.3 
3.1 

.3 

Vegetable Ingestion 
GM (pglyear) GSD 

2.OE-06 
2.OE-06 
2.3E-06 
1.8E-06 
l. lE-06 
1.9E-06 
2.1 E-06 
5.OE-06 
5.4E-06 
5.3E-06 
5.8E-06 
4.4E-06 
2.5E-06 
2.OE-06 
3.1 E-07 
9.4E-07 
1.3E-06 
7.5E-07 
5.2E-07 
6.4E-07 
2.2E-06 
2.8E-07 
2.2E-07 
9.1 E-08 
7.4E-08 
4.7E-08 
1.2E-07 
1.5E-07 
7.5E-08 
8.9E-08 
7.9E-08 
1.7E-07 

3.9 
3.5 
3.7 
3.6 
3.9 
3.9 
3.8 
3.4 
3.7 
3.9 
3.7 
3.7 
3.8 
3.5 
3.2 
3.3 
3.6 
3.2 
3.1 
3.4 
3.4 
3.1 
3.0 
3.0 
3.0 
3.4 
2.9 
2.9 
3.3 
3.0 
3.0 
2.8 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram 

1 of 2 

Wheat Ingestion 
GM Uglyear) GSD 

l.lE-09 4.5 
2.5E-09 4.2 
3.9E-09 3.9 
5.4E-09 4.0 
6.1 E-09 3.6 
8.6E-09 3.7 
9.6E-09 3.7 
1.3E-08 3.6 
1.6E-08 3.7 
2.2E-08 3.7 
2.6E-08 3.5 
2.6E-08 3.5 
3.OE-08 4.0 
3.3E-08 3.5 
3.1 E-08 3.8 
3.1 E-08 3.8 
3.4E-08 3.7 
3.6E-08 3.8 
3.4E-08 3.7 
3.6E-08 3.6 
3.5E-08 3.9 
3.6E-08 3.6 
3.7E-08 4.0., 

3.6E-08 3.6 
3.3E-08 3.5 
3.3E-08 3.7 
3.4E-08 3.5 
3.6E-08 3.9 
3.5E-08 3.6 
3.7E-08 3.8 
3.6E-08 3.6 

3.6E-08 3.8 

Milk Ingestion 
GM (Cglyear) I GSD 

1 

1.3E-09 
1.5E-09 I 

1 1.7E-09 1 

1.6E-09 
1.3E-09 1 
2.1 E-09 
2.2E-09 
4.OE-09 j 
4.7E-09 
4.9E-09 
5.5E-09 
5.OE-09 
4.1 E-09 
3.6E-09 
2.4E-09 
2.8E-09 
2.8E-09 
2.5E-09 
2.7E-09 
2.8E-09 
4.1 E-09 
2.3E-09 
2.2E-09 
2.2E-09 
2.3E-09 
2.1 E-09 
2.3E-09 
2.3E-09 
2.OE-09 
2.3E-09 
2.1 E-09 
2.4E-09 

4.8 
4.6 
5.1 
4.3 
4.3 
4.5 
4.2 
4.3 
4.4 
4.3 
4.3 
4.0 
4.0 
4.0 
3.9 
3.9 
4.1 
4.1 
4.1 
4.1 
4.0 
3.9 
4.3 
4.3 
4.0 
4.4 
4.4 
4.0 
4.4 
4.4 
4.2 
4.1 

. . -c 



Pathway-Specific Doses Assodstsd wkh Routine Airborne Release of Beryllium (conthedl 
Sector 6 
11958 - 1989) 

Year 

1958' 
1959 
1960 
1981 
1982 
1963 
1984 
1985 

,1988 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Beef Ingestion 
GM bglyeerl GSD 

1.4E-06 4.9 
1.4E-06 4.5 
1.8E-06 4.6 
1.5E-06 4.2 
1.2E-06 4.1 
1 .8E-O6 3.7 
2.OE-06 4.0 
3.6E-06 3.9 
4.3E-06 4.1 
5.2E-06 3.9 
5.3E-06 4.1 
4.4E-06 4.1 
3.5E-06 3.9 
3.2E-06 3.8 
2.OE-06 3.6 
2.6E-06 3.9 
2.6E-06 3.6 
2.4E-06 3.6 
2.1E-06 3.8 
2.2E-06 3.7 
3.9E-06 3.8 
2.OE-06 4.0 
2.OE-06 3.9 
1.6E-06 4.2 
2.OE-06 3.8 
2.OE-06 4.0 
1.8E-06 3.9 
1.7E-06 3.8 
1.7E-06 4.0 
1.8E-06 4.1 
1.8E-06 4.1 
2.OE-06 3.7 

Inhalation of 
Resuspended Particulates 
GM (Irglyear) GSD 

1.7E-08 
3.9E-08 
6.1 E-08 
7.9E-08 
9.1 E-08 
l. lE-07 
1.4E-07 
1.9E-07 
2.5E-07 
3.2E-07 
3.5E-07 
4.3E-07 
4.4E-07 
4.4E-07 
5.1E-07 
4.7E-07 
4.7E-07 
4.5E-07 
4.9E-07 
5.1E-07 
5.6E-07 
5.3E-07 
5.2E-07 
5.2E-07 
5.5E-07 
5.1E-07 
5.3E-07 
5.2E-07 
5.1 E-07 
5.6E-07 
5.5E-07 
5.5E-07 

3.4 
3.3 
3.0 
3.1 
2.6 
2.7 
2.6 
2.7 
2.6 
2.7 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.7 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.8 
2.4 
2.6 
2.4 
2.5 
2.5 
2.8 

Total Inhalation 
GM @/year) GSD 

6.OE-05 
6.3E-05 
6.6E-05 
5.OE-05 
3.3E-05 
5.8E-05 
6.4E-05 
1.4E-04 
1.5E-04 
1.7E-04 
1.8E-04 
1.3E-04 
7.2E-05 
5.5 E-05 

. 7.3E-06 
2.5E-05 
3.5E-05 
1.9E-05 
1.4E-05 
1.8E-05 
6.4E-05 
6.2E-06 
4.7E-06 
1.4E-06 
l. lE-06 
5.1E-07 
1.9E-06 
2.7E-06 
1 .OE-06 
1.4E-06 
1 .l E-06 
3.3E-06 

2.6 
2.5 
2.6 
2.6 
2.5 
2.6 
2.7 
2.8 
2.7 
2.6 
2.5 
2.7 
2.5 
2.5 
2.3 
2.5 
2.5 
2.4 
2.4 
2.4 
2.5 
2.3 
2.2 
2.1 
2.0 
2.8 
2.1 
2.1 
2 .o 
2.1 
2.1 
2.2 

NOTES: 
1) E-01 is the same es the value divided by 10': E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

0E-VR-S.XLS 2 of 2 

Total Ingestion 
GM lpg/year) GSD 

4.4E-06 3.4 
4.5E-06 3.2 
5.4E-OB 3.2 
4.5E-06 2.9 
3.2E-06 3.1 
5.OE-06 3.0 
5.7E-06 2.9 
1.1E-05 2.9 
1.3E-05 3.0 
1.4E-05 3.0 
1.5E-05 3.1 
1.3E-05 2.9 
8.8E-08 2.7 
7.8E-06 2.7 
3.7E-06 2.5 
5.6E-06 2.6 
6.1 E-06 2.6 
4.9E-06 2.6 
4.3E-06 2.5 
4.6E-06 2.6 
9.2E-06 2.7 
3.9E-08 2.7 
3.7E-06 2.7 
3.1 E-08 2.9 
3.3E-06 2.8 
3.3E-06 2.8 
3.4E-08 2.8 
3.2E-06 2.6 
3.1 E-06 2.8 
3.2E-06 2.9 
3.2E-06 2.9 
3.6E-06 2.7 



Pahway-Spoclfle Doses Associated wlth Routine Airborne Release of Beryllium 
Sector 6 
(1958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Cglyear) GSD 

2.7E-05 2.6 
2.5E-05 2.6 
2.6E-05 2.5 
2.OE-05 2.6 
1.4E-05 2.6 
2.7E-05 2.4 
2.5E-05 2.5 
6.OE-05 2.6 
6.9E-05 2.7 
7.1E-05 2.5 
7.76-05 2.6 
5.OE-05 2.6 
2.7E-05 2.5 
2.3E-05 2.6 
2.9E-06 2.6 
1 .OE-05 2.5 
1.7E-05 2.7 
7.4E-06 2.5 
5.3E-06 2.5 
7.3E-06 2.4 
2.7E-05 . 2.5 
2.3E-06 2.4 
1.6E-06 2.7 
2.8E-07 2.6 
1.5E-07 2.5 
1.1 E-1 5 2.5 
4.4E-07 2.6 
7.6E-07 2.6 
1.6E-07 2.6 
3.OE-07 2.6 
1.4E-07 2.4 
8.5E-07 . 2.4 

Soil Ingestion 
GM Ipglyear) GSD 

6.6E-09 4.3 
1.5E-08 3.8 
2.7E-08 3.6 
3.1 E-08 3.7 
4.OE-08 3.3 
4.7E-08 3.3 
5.8E-08 3.4 
7.4E-08 3.4 
1.1 E-07 3.3 
1.2E-07 3.1 
1.4E-07 3.3 
1.9E-07 3.2 
1.8E-07 3.3 
2.OE-07 3.2 
1.8E-07 3.3 
1.8E-07 3.3 
2.OE-07 2.9 
2.1 E-07 3.0 
2.1 E-07 3.0 
2.3E-07 3.0 
2.3E-07 3.3 
2.1E-07 3.2 
2.5E-07 3.2 
1.9E-07 3.4 
2.1E-07 3.4 
2.2E-07 3.2 
2.5E-07 . 3.1 
2.1E-07 3.1 
2.2E-07 3.6 
2.4E-07 3.1 
2.1E-07 3.4 
2.3E-07 3.3 

Vegetable Ingestion 
GM Ipglyear) GSD 

8.8E-07 4.0 
8.8E-07 3.8 
8.4E-07 3.4 
7.OE-07 4.2 
4.6E-07 3.4 
9.OE-07 3.5 
8.4E-07 3.5 
2.2E-06 4.0 
2.2E-06 3.5 
2.5E-06 3.5 
2.7E-06 3.6 
1.8E-06 3.6 
9.9E-07 3.3 
8.5E-07 3.4 
1.4E-07 3.1 
3.9E-07 3.2 
6.2E-07 3.2 
2.9E-07 3.5 
2.1 E-07 3.2 
3.2E-07 3.1 
9.7E-07 3.4 
1.2E-07 2.8 
9.5E-08 3.1 
4.1 E-08 3.0 
3.1 E-08 3.1 
2.2E-08 3.7 
4.5E-08 3.0 
6.2E-08 2.8 
3.4E-08 3.0 
3.8E-08 2.9 
2.9E-08 2.9 
6.3E-08 2.9 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 pg = microgram 

Wheat Ingestion 
GM lpglyear) GSD 

4.OE-10 4.8 
9.7E-10 4.1 
1.7E-09 3.9 
2.4E-09 3.9 
2.6E-09 4.0 
3.4E-09 3.9 
3.5E-09 4.1 
5.OE-09 3.5 
7.OE-09 3.6 
7.9E-09 3.9 
1 .OE-08 3.6 
1.2E-08 3.8 
1.3E-08 3.6 
1.3508 3.6 
1.2E-08 3.7 
1.4E-08 3.6 
1.4E-08 3.7 
1.2E-08 3.5 
1.4E-08 3.5 
1.6E-08 3.5 
1.5E-08 3.6 
1.4E-08 3.5 
1.4E-08 3.4 
1.6E-08 3.7 
1.5E-08 3.6 
1.5E-08 3.6 
1.6E-08 3.8 
1.5E-08 3.7 
1.6E-08 3.6 
1.4E-08 3.8 
1.4E-08 3.5 
1.6E-08 3.5 

Milk Ing 
GM (Cglyear) 

5.3E-10 
6.8E-10 
7.6E-10 
6.OE-10 
5.4E-10 
8.OE-10 
7.9E-10 
1.7E-09 
2.OE-09 
2.OE-09 
2.4E-09 
1.9E-09 
1.6E-09 
1.5E-09 
9.4E-10 
1 .OE-09 
1.3E-09 
1.1E-09 
1.1 E-09 
1 .OE-09 
1.7E-09 
9.4E-10 
9.6E-10 
8.5E-10 
8.8E-10 
8.9E-10 
1.1E-09 
8.1 E-10 
8.5E-10 
9.3E-10 
8.9E-10 
8.7E-10 

tion 
GSD 

5.5 
4.9 
4.8 
4.4 
4.3 
4.3 
4.4 
4.8 
4.4 
4.1 
4.1 
4.3 
4.1 
3.8 
4.1 
4.1 
3.8 
3.8 
3.8 
3.8 
4.1 
3.8 
3.9 
4.2 
3.9 
4.6 
4: 1 
4.1 
3.9 
4.0 
4.0 
4.0 

- 



Pahwsy-Speeiflc Doses Associated wlth Rwtlns Airborne Rdeese of Beryllium Icontlnued) 
Sector 6 
(1958 - 1989) 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Beef Ingestion 
GM (yelyear) GSD 

6.3E-07 5.1 
6.OE-07 4.9 
6.7E-07 4.5 
6.2E-07 3.9 
4.6E-07 4.3 
7.7E-07 4.0 
7.7E-07 3.9 
1.6E-06 4.2 
1.7E-06 4.3 
1.9E-06 4.6 
2.1 E-06 4.2 
1.8E-06 3.8 ' 

1.3E-06 3.7 
1.4E-06 3.7 
8.1 E-07 3.7 
8.9E-07 4.0 
1.2E-06 3.7 
9.7E-07 3.8 
9.8E-07 3.5 
1 .OE-06 3.8 
1.6E-06 3.6 
8.4E-07 3.7 
8.7E-07 3.9 
7.6E-07 4.1 
8.7E-07 3.9 
7.4E-07 3.8 
8.9E-07 3.8 
7.7E-07 3.8 
8.5E-07 3.7 
7.6E-07 3.8 
7.6E-07 3.7 
7.6E-07 3.8 

Inhalation of 
Resuspended Particulates 
GM (&year) GSD 

6.5E-09 
1.5E-08 
2.4E-08 
3.3E-08 
3.7E-08 
4.5E-08 
6.OE-08 
7.5E-08 
1 .OE-07 
1 .l E-07 
1.5E-07 
1.9E-07 
2.OE-07 
1.8E-07 
1.9E-07 
1 .BE107 
2.1 E-07 
1.9E-07 
2.1 E-07 
2.OE-07 
2.1 E-07 
2.3E-07 
2.1E-07 
2.OE-07 
2.4E-07 
1.9E-07 
2.2E-07 
2.OE-07 
2.3E-07 
2.1E-07 
2.2E-07 
2.1 E-07 

3.4 
3.1 
2.8 
2.7 
2.6 
2.7 
2.6 
2.6 
2.7 
2.5 
2.6 
2.6 
2.6 
2.6 
2.4 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.6 
2.7 
2.5 
2.4 

Total Inhalation 
GM h l y e a r )  GSD 

2.7E-05 2.6 
. 2.5E-05 2.6 

2.7E-05 2.5 
2.OE-05 2.6 
1.4E-05 2.6 
2.7E-05 2.4 
2.5E-05 2.4 
6.OE-05 2.6 
6.9E-05 2.6 
7.1E-05 2.5 
7.8E-05 2.6 
5.1E-05 2.6 
2.8E-05 2.4 
2.4E-05 2.6 
3.2E-06 2.4 
1 .OE-05 2.4 
1.7E-05 2.6 
7.7E-06 2.4 
5.7E-06 2.4 
7.7E-06 2.4 
2.7E-05 2.5 
2.7E-06 2.2 
2.OE-06 2.4 
5.7E-07 2.1 
4.6E-07 2.1 
1.9E-07 2.6 
7.7E-07 2.2 
l.lE-06 2.2 
4.5E-07 2.1 
5.8E-07 2.2 
4.2E-07 2.0 
1.2E-06 12.1 

Total Ingestion 
GM (yelyear) GSD 

1.8E-06 3.6 
I .9E-06 3.4 
2.OE-06 3.1 
1.8E-06 3.1 
1.3E-06 2.9 
2.2E-06 2.8 
2.2E-06 2.9 
5.1E-06 3.3 
5.1 E-06 3.0 
5.9E-06 3.0 
6.5E-06 3.0 
5.1 E-06 2.7 
3.3E-06 2.5 
3.3E-06 2.7 
1.5E-06 2.6 
2.1E-06 2.6 
2.8E-06 2.5 
2.OE-06 2.6 
1.9E-06 2.5 
2.1 E-06 2.5. 
3.7E-06 2.6 
1.6E-06 2.5 
1.6E-06 2.6 
1.3E-06 2.9 
1.4E-06 2.8 
1.3E-06 2.7 
1.6E-06 2.7 
1.4E-06 2.7 
1.4E-06 2.7 
1.4E-06 2.7 
1.3E-06 2.7 
1.4E-06 2.6 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 1 Ox; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Pmthway-Speclflc Dores Ansdmted with Routine Airborne Rdease of Beryllium 
Sector 7 
(1958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1988 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Inhalation 
OM Wlyear) GSD 

2.5E-05 
2.4E-05 
2.5E-05 
2.1 E-05 
1.2E-05 
2.2E-05 
2.2E-05 
5.6E-05 
5.8E-05 
6.2E-05 
6.7E-05 
4.4E-05 
2.7E-05 
2.1E-05 
2.8E-06 
1.OE-05 < 
1.4E-05 
8.7E-08 , 

5.3E-08 
6.3E-08 
2.6E-05 7 

2.1 E-06 
1.4E-08 
2.7E-07 
1.5E-07 
9.6E-18 . 
4.3E-07 
6.9E-07 
1.4E-07 
2.7E-07 
1.3E-07 
8.5E-07 

2.8 
2.5 
2.8 
2.6 
2.8 
2.6 
2.5 
2.7 
2.0 
2.5 
2.5 
2.7 
2.7 
2.5 
2.8 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.4, 
2.5 
2.5 
2.5 
2.8 
2.6 
2.5 
2.4 
2.5 
2.5 
2.5 

Soil Ingestion 
GM wlyear)  GSD 

6.3E-09 4.5 
1.4E-08 3.8 
2.4E-08 3.7 
2.9E-08 3.4 
3.5E-08 3.6 
4.6E-08 3.3 
5.2E-08 3.4 
7.5E-08 3.4 
9.5E-08 3.3 
1.2E-07 3.3 
1.3E-07 3.3 
1.6E-07 3.1 
1.7E-07 3.3 
1.7E-07 3.1 
1.8E-07 3.2 
2.OE-07 3.1 
1.8E-07 3.2 
1.8E-07 3.2 
1.9E-07 3.5 
2.OE-07 3.4 
2.OE-07 3.3 
2.2E-07 3.2 
2.1E-07 3.3 
2.3E-07 3.2 
1.9E-07 3.4 
2.OE-07 3.5 
2.2E-07 3.0 
2.OE-07 3.2 
2.2E-07 3.2 
2.1 E-07 3.5 
2.1 E-07 3.2 
2.OE-07 3.3 

Vegetable Ingestion 
GM h l y e a r )  GSD 

8.3E-07 3.5 
8.2E-07 3.5 
8.9E-07 3.7 
7.OE-07 3.9 
4.1 E-07 3.6 
7.8E-07 3.9 
7.5E-07 3.6 
2.OE-06 4.0 
2.OE-06 3.5 
2.1 E-06 3.6 
2.4E-06 3.4 
1.5E-06 3.7 
8.5E-07 3.6 
7.6E-07 3.3 
1.3E-07 3.1 
4.1 E-07 3.6 
5.4E-07 3.6 
2.6E-07 3.3 
2.2E-07 3.1 
2.5E-07 3.2 
8.1 E-07 3.4 
1.1E-07 3.0 
8.6E-08 2.9 
3.5E-08 3.0 
3.1 E-08 3.2 
1.9E-08 3.5 
4.2E-08 3.0 
5.8E-08 2.9 
3.OE-08 3.1 
3.7E-08 ' 2.9 
2.8E-08 3.1 
5.5E-08 2.8 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

EE-YR-7.XLS 1 o f 2  

Wheat Ingestion 
GM @/year) GSD 

4.4E-10 4.7 
8.8E-10 4.0 
1.7E-09 3.9 
2.2E-09 3.9 
2.2E-09 3.9 
3.OE-09 3.6 
3.6E-09 3.8 
4.8E-09 3.7 
6.2E-09 3.7 
7.8E-09 3.9 
9.3E-09 3.8 
l.lE-08 3.6 
1.2E-08 3.6 
1.2E-08 3.7 
1.2E-08 3.7 
1.4E-08 3.5 
1.2E-08 3.5 
1.4E-08 3.6 
1.4E-08 3.7 
1.4E-08 3.7 
1.4E-08 3.7 
1.2E-08 3.7 
1.6E-08 3.7 
1.3E-08 3.7 
1.4E-08 3.9 
1.3E-08 3.6 
1.4E-08 3.8 
1.4E-08 3.6 
1.4E-08 3.8 
1.4E-08 3.6 
1.4E-08 3.7 
1.2E-08 3.4 

Milk Ing 
GM Wlyear) 

5.5E-10 
5.9E-10 
6.6E-10 
0.1E-10 
4.2E-10 
7.6E-10 
8.1E-10 
1.7E-09 
1.9E-09 
1.9E-09 
2.4E-09 
1.7E-09 
1.6E-09 
1.2E-09 
8.9E-10 
1.2E-09 
1.1 E-09 
9.OE-10 
1 .OE-09 
9.9E-10 
1.6E-09 
8.8E-10 
9.1E-10 
9.1E-10 
7.7E-10 
8.5E-10 
9.2E-10 
8.7E-10 
8.9E-10 
8.3E-10 
8.8E-10 
8.3E-10 

tion 
GSD 

5.1 
4.6 
4.4 
4.4 
4.3 
4.2 
4.2 
4.3 
4.5 
4.5 
4.7 
4.1 
4.2 
4.0 
4.0 
4.1 
4.2 
3.8 
3.9 
4.1 
4.1 
4.2 
4.4 
4.1 
4.4 
4.1 
4.0 
4.1 
3.9 
4.4 
4.5 
4.5 

- 



I 

Phwry-Speciflc Doses Assoclatsd wlth Routlne Airborne Release of Beryllium (contlnued) 
seaw 7 
(1958 - 1989) - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Beef Ingestion 
OM wlyear)  GSD 

4.8E-07 
5.5E-07 
6.2E-07 
6.3E-07 
3.9E-07 
7.7E-07 
7.3E-07 
1.6E-06 
1.6E-06 
1.8E-06 
2.2E-06 
1.9E-06 
1.3E-06 
1.2E-06 
8.3E-07 
9.8E-07 
1.1 E-06 
8.2E-07 
8.7E-07 
9.9E-07 
1.4E-06 
8.5E-07 
8.1 E-07 
7.5E-07 
6.4E-07 
7.2E-07 
7.6E-07 
7.7E-07 
7.9E-07 
7.6E-07 
7.6E-07 
7.5E-07 

5.1 
4.3 
4.2 
4.2 
3.9 
3.9 
4.2 
3.9 
3.9 
4.3 
3.9 
3.8 
3.9 
3.7 
3.8 
3.8 
3.7 
3.6 
3.9 
3.7 
3.6 
3.8 
3.9 
4.0 
3.9 
3.9 
3.9 
3.7 
3.7 
4.0 
3.7 
3.6 

inhalation of 
Resuspended Particulates 
GM h l v e a r )  GSD 

6.4E-09 
1.3E-08 
2.2E-08 
3.1 E-08 
3.5E-08 
4.3E-08 
5.46-08 
7.6E-08 
9.OE-08 
l. lE-07 
1.3E-07 
1.6E-07 
1.8E-07 
1.7E-07 
1.7E-07 
1.6E-07 
1.8E-07 
1.9E-07 
1.9E-07 
1.8E-07 
1.9E-07 
2.OE-07 
2.OE-07 
2.1E-07 
2.1 E-07 
2.2E-07 
2.1 E-07 
2.OE-07 
2.1E-07 
2.OE-07 
2.2E-07 
2;l E-07 

3.5 
3.0 
2.9 
2.7 
2.8 
2.6 
2.6 
2.5 
2.6 
2.6 
2.7 
2.6 
2.6 
2.7 
2.5 
2.5 
2.4 
2.5 
2.4 
2.5 
2.5 
2.5 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.4 
2.5 
2.6 

Total Inhalation 
GM Wlyear) GSD 

2.5E-05 
2.4E-05 
2.5E-05 
2.1 E-05 
1 .2E-05 
2.2E-05 
2.2E-05 
5.6E-05 
5.8E-05 
6.3E-05 
6.8E-05 
4.5E-05 
2.7E-05 
2.1 E-05 
3.1 E-06 
1 .OE-05 
1.4E-05 
7.1 E-06 
5.7E-06 
6.7E-06 
2.6E-05 
2.5E-06 
1.7E-06 
5.7E-07 
4.2E-07 
2.2E-07 
7.3E-07 
9.9E-07 
4.1 E-07 
5.5E-07 
4.1 E-07 
1 .2E-06 

2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.5 
2.7 
2.6 
2.5 
2.5 
2.6 
2.6 
2.5 
2.4 
2.5 
2.5 
2.4 
2.4 
2.4 
2.5 
2.2 
2.2 
2.1 
2.1 
2.5 
2.2 
2.2 
2.1 
2.0 
2.1 
2.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) cg = microgram 

BE-VR-7. XLS 2 of 2 

Total Ingestion 
GM Wlyear) GSD 

1.7E-06 
1.8E-06 
2.OE-06 
1.8E-06 
l.lE-06 
2.1E-06 
2.1 E-06 
4.7E-06 
4.8E-06 
5.2E-06 
6.OE-06 
4.8E-06 
3.2E-06 
2.9E-06 
1.5E-06 
2.3E-06 
2.6E-06 
1.8E-06 
1.8E-06 
2.OE-06 
3.2E-06 
1.6E-06 
1.5E-06 
1.3E-06 
l.lE-06 
1.2E-06 
1.3E-06 
1.4E-06 
1.4E-06 
1.3E-06 
1.3E-06 
1.3E-06 

3.3 
3.1 
3.1 
3.1 
2.8 
3.0 
2.9 
3.2 
2.9 
3.0 
2.9 
2.8 
2.7 
2.5 
2.7 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.8 
2.7 
2.8 
2.7 
2.6 
2.7 
2.9 
2.7 
2.6 



J 

Pathway-Spdfic Doses Assdated wkh Routtne Alrbome Release of Beryllium 
sector 8 
(1968 - 1989) - 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM Ipglyear) GSD 

8.1 E-05 
8.2E-05 
8.3E-05 
7.OE-05 
4.2E-05 
7.1E-05 
7.1 E-05 
1.9E-04 
2.1 E-04 
1.9E-04 
2.4E-04 
1.6E-04 
8.7E-05 
7.3E-05 
9.2E-06 
.3.2E-05 
4.2E-05 
2.2E-05 
1.6E-05 
2.1E-05 
8.OE-05 . 
6.5E-06 
5.2E-06 
9.1 E-07 
4.3E-07 
3.1E-16 
1.4E-06 
2.2E-06 
4.7E-07 
8.3E-07 
4.1 E-07 
2.6E-06 

2.7 
2.6 
2.6 
2.6 
2.6 
2.7 
2.6 
2.8 
2.6 
2.6 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
2.6 
2.4 
2.5 
2.3 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 
2.4 
2.6 
2.4 
2.4 
2.5 

Soil Ingestion 
GM (yglyear) GSD 

2.OE-08 
5.1 E-08 
8.1 E-08 
1 .OE-07 
1.3E-07 
1.6E-07 
1.8E-07 
2.4E-07 
3.4E-07 
3.5E-07 
4.6E-07 
5.2E-07 
6.4E-07 
6.2E-07 
6.4E-07 
6.9E-07 
6.4E-07 
6.5E-07 
6.4E-07 
6.3E-07 
6.9E-07 
7.1E-07 
6.1 E-07 
6.7E-07 
6.4E-07 
7.6E-07 
6.5E-07 
6.8E-07 
6.7E-07 
7.1 E-07 
7.2E-07 
6.8E-07 

4.3 
3.6 
3.4 
3.4 
3.3 
3.4 
3.2 
3.4 
3.5 
3.4 
3.4 
3.3 
3.1 
3.1 
3.2 
3.4 
3.0 
3.2 
3.2 
3.3 
3.2 
3.2 
3.4 
3.3 
3.3 
3.1 
3.3 
3.1 
3.2 
3.1 
3.3 
3.4 

Vegetable Ingestion 
GM (Irglyear) GSD 

2.8E-06 3.7 
2.6E-06 3.6 
2.7E-06 3.5 
2.5E-06 3.6 
1.5E-06 3.4 
2.5E-06 3.9 
2.6E-06 3.6 
6.4E-06 3.6 
6.6E-06 3.6 
6.4E-06 3.6 
7.8E-06 3.6 
5.5E-06 3.5 
3.1 E-06 3.6 
2.4E-06 3.5 
4.4E-07 3.0 
1.3E-06 3.3 
1.6E-06 3.5 
1 .OE-06 3.1 
6.8E-07 3.0 
8.OE-07 3.1 
2.7E-06 3.3 
3.4E-07 3.0 
2.9E-07 3.0 
1.2E-07 3.0 
9.6E-08 3.0 
6.5E-08 3.5 
1.3E-07 2.7 
1.9E-07 2.8 
9.4E-08 3.0 
l. lE-07 2.8 
9.5E-06 3.0 
2.OE-07 2.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

' 

1 of 2 

Wheat Ingestion 
GM (yglyear) GSD 

1.6E-09 4.8 
3.3E-09 3.8 
5.1 E-09 3.7 
6.8E-09 3.8 
7.5E-09 3.8 
l.lE-08 3.6 

3.8 1.3E-08 
1.5E-08 3.4 
2.1 E-08 3.5 
2.7E-08 3.6 
3.3E-08 3.7 
3.7E-08 3.6 
3.5E-08 4.0 
4.OE-08 3.6 
4.2E-08 3.5 
3.9E-08 3.5 
4.4E-08 3.5 
4.6E-08 3.7 
4.5 E-08 3.6 
4.2E-08 3.6 
4.4E-08 3.8 
4.2E-08 3.6 
4.4E-08 3.7 
4.6E-08 3.7 
4.5E-08 3.6 
4.7E-08 3.4 
4.2E-08 3.5 
4.7E-08 3.8 
4.4E-08 3.6 
4.4E-08 3.7 
4.9E-08 3.5 
4.7E-08 3.7 

1 

Milk Ingestion 
GM (yglyear) I GSD 

1 

1.9E-09 ~ 

2.OE-09 
2.OE-09 
1.9E-09 
1.4E-09 
2.4E-09 
2.6E-09 
5.7E-09 
5.8E-09 
6.2E-09 
7.5E-09 
5.8E-09 
5.2E-09 
4.4E-09 
2.9E-09 
3.8E-09 
3.9E-09 
3.3E-09 
3.6E-09 
3.3E-09 
5.5E-09 
3.3E-09 
3.1 E-09 
2.7E-09 
2.8E-09 
2.5E-09 
3.OE-09 
2.9E-09 
2.8E-09 
2.9E-09 
2.7E-09 1 
3.OE-09 ' 

5.2 
4.6 
4.9 
4.4 
4.4 
4.4 
4.4 
4.3 
4.1 
4.5 
4.4 
4.4 
3.8 
3.9 
4.2 
4.0 
3.9 
4.1 
3.9 
4.0 
4.3 
4.0 
4.2 
4.3 
3.9 
4.1 
4.0 
4.1 
4.1 
4.3 
3.9 
3.9 



Pathway-Specific Doses Aesoclated with Routine Airborne Release of Eeryilium tcontlnued) 
Sector 8 
(1958 - 1989) - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

. 1987 
1988 
1989 

Beef Ingestion 
GM (Clglyear) GSD 

1.6E-06 4.9 
1.9E-06 4.4 
1.8E-06 4.3 
2.OE-06 3.9 
1.5E-06 3.8 
2.4E-06 4.4 
2.5E-06 4.0 
5.1E-06 4.3 
5.7E-06 4.0 
5.9E-06 , 4.1 
7.4E-06 4.1 
6.4E-06 4.0 
4.3E-06 3.4 
3.9E-06 3.6 
2.5E-06 3.6 
3.4E-06 3.6 
3.6E-06 3.3 
3.1 E-06 3.6 
3.OE-06 3.7 
2.8E-06 3.5 
4.6E-06 3.7 
2.6E-06 3.6 
2.5E-06 3.6 
2.5E-06 4.0 
2.3E-06 3.7 
2.5E-06 4.2 
2.6E-06 3.4 
2.6E-06 3.8 
2.3E-06 3.5 
2.6E-06 4.0 
2.4E-06 3.9 
2.5E-06 3.7 

Inhalation of 
Resuspended Particulates 
GM (Clglyear) GSD 

2.OE-08 3.3 
5.1 E-08 2.9 
7.4E-08 2.8 
1 .OE-07 2.6 
1.2E-07 2.6 
1.4E-07 2.9 
1.7E-07 2.6 
2.4E-07 2.5 
3.1 E-07 2.5 
3.7E-07 2.7 
4.4E-07 2.6 
5.2E-07 2.7 
5.9E-07 2.3 
6.OE-07 2.5 
6.2E-07 2.6 
6.5E-07 2.6 
5.9E-07 2.5 

,6.OE-07 2.6 
6.4E-07 2.5 
6.1 E-07 2.6 
6.9E-07 2.4 
6.5E-07 ' 2.7~ 
6.6E-07 2.4 
6.9E-07 2.7 
6.3E-07 2.4 
6.4E-07 2.5 

. 6.8E-07 2.4 
6.6E-07 2.4 
6.8E-07 2.4 
6.4E-07 2.6 
7.OE-07 2.5 
6.8E-07 2.5 

Total Inhalation 
GM (Clglyear) . GSD 

8.1 E-05 2.7 
8.2E-05 2.6 
8.3E-05 2.6 
7.1 E-05 2.6 
4.3E-05 2.6 
7.1 E-05 2.7 
7.2E-05 2.6 
1.9E-04 2.8 
2.1E-04 2.6 
1.9E-04 2.6 
2.4E-04 2.6 
1.6E-04 2.5 
8.9E-05 2.5 
7.4E-05 , 2.4 
1 .OE-05 2.3 
3.4E-05 2.4 
4.3E-05 2.5 
2.3E-05 2.3 
1.7E-05 2.4 
2.2E-05 2.3 
8.1E-05 . 2.5 
7.7E-06 2.3 
6.3E-06 2.2 
1.9E-06 2.1 
1.2E-06 2.1 
6.4E-07 2.5 
2.4E-06 2.1 
3.2E-06 2.1 
1.4E-06 2.0 
1.7E-06 2.1 
1.3E-06 2.0 
3.6E-06 2.1 

NOTES: 
1) E-01 Is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram . 

Total Ingestion 
GM (Clglyear) GSD 

5.7E-06 3.4 
5.8E-06 3.3 
6.OE-06 3.0 
6.1 E-06 2.9 
4.1 E-06 2.7 
6.8E-06 3.1 
7.OE-06 2.9 
1.5E-05 3.0 
1.7E-05 3.1 
1.7E-05 3.0 
2.1E-05 2.9 
1.7E-05 2.7 
1.1 E-05 2.6 
9.5E-06 2.6 
4.8E-06 2.6 
7.4E-06 2.5 
7.9E-06 2.4 
.6.6E-06 2.5 
5.9E-06 2.5 
5.8E-06 2.4 
l.lE-05 2.5 
4.8E-06 2.6 
4.4E-06 2.6 
4.3E-06 . 2.9 
4.OE-06 2.6 
4.3E-06 2.9 
4.4E-06 2.5 
4.6E -06 2.6 
4.1 E-06 2.6 
4.4E-06 2.8 
4.3E-06 2.8 
4.4E-06 2.6 



Pahwey-Spdfic Doses A s s d n t d  wlth Routine Airborne Release of Beryllium 
Sector 9 
(1958 - 19891 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1976 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (Lglyear) GSD 

3.3E-05 2.7 
3.OE-05 2.8 
3.2E-05 2.6 
2.7E-05 2:6 
1.6E-05 2.6 
2.9E-05 2.8 
3.1 E-05 2.5 
7.5E-05 2.5 
8.2E-05 2.5 
7.5E-05 21.5 
8.9E-05 2.6 
6.3E-05 2.5 
3.2E-05 2.6 
2.9E-05 2.6 
3.6E-06 2.4 
1.2E-05 2.5 
1.6E-05 2.5 
9.7 E-06 2.5 
7.1 E-06 2.5 
8.3E-06 2.5 
3.OE-05 2.5 
2.7E-06 2.5 
1.9E-06 2.4 
3.5E-07 2.5 
1.9E-07 2.5 
1.2E-15 2.5 
5.5E-07 2.6 
8.9E-07 2.4 
1.7E-07 2.7 
3.5E-07 2.5 
1.8E-07 2.5 
l.lE-06 2.7 

Soil Ingestion 
GM Wlyear) GSD 

8.9E-09 4.5 
1.8E-08 3.9 
3.1 E-08 3.7 
4.2E-08 3.5 
4.1 E-08 3.8 
5.2E-08 3.4 
7. BE-08 3.1 
9.5E-08 3.5 
1.2E-07 3.4 
1.4E-07 3.4 
2.1 E-07 3.4 
2.2E-07 3.4 
2.1 E-07 3.3 

2.1 E-07 3.6 
2.3E-07 3.2 
2.5E-07 3.2 
2.5E-07 3.4 
2.6E-07 3.3 
2.7E-07 3.3 
2.8E-07 3.2 
2.4E-07 3.2 
2.7E-07 3.3 
2.7E-07 3.3 
2.7E-07 3.2 
2.5E-07 3.4 
2.8E-07 3.1 
2.7E-07 3.2 
2.7E-07 3.1 
2.6E-07 3.1 
2.6E-07 3.3 
2.4E-07 3.3 

2.2E-07 3.5 ' 

Vegetable Ingestion 
GM @/year) GSD 

1.1 E-06 3.7 
9.4E-07 3.8 
1.2E-06 3.7 
8.6E-07 3.6 
5.4E-07 3.7 
l.lE-06 4.0 
l.lE-06 3.7 
2.7E-06 3.7 
2.8E-06 3.8 
2.5E-06 3.5 
3.1 E-06 3.6 
2.1 E-06 3.6 
l.lE-06 3.5 
9.7E-07 3.5 
1.7E-07 3.0 
4.8E-07 3.3 
6.4E-07 3.4 
3.9E-07 3.2 
3.OE-07 3.1 
3.5E-07 2.9 
1 .OE-06 3.5 
1.4E-07 3.0 
1.2E-07 2.8 
5.OE-08 3.0 
4.1 E-08 2.9 
2.5E-08 3.7 
5.6E-08 3.0 
7.1 E-08 2.8 
3.8E-08 3.1 
5.1 E-08 2.8 
3.9E-08 3.1 
7.3E-08 2.8 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

S€~Yrr~S.X lS  1 of 2 

Wheat Ingestion 
GM @/year) GSD 

5.7E-10 
1.2E-09 
2.OE-09 
2.4E-09 
3.1 E-09 
3.4E-09 
4.7E-09 
6.OE-09 
8.6E-09 
9.9E-09 
1.3E-08 
1.3E-08 , 

1.7E-08 
1.6E-08 
1.5E-08 
1.6E-08 
1.6E-08 
1.8E-08 
1.8E-08 
1.9E-08 
1 .8E-08 
1.7E-08 
1.9E-08 
1.9E-08 
1.9E-08 
1.7E-08 
1.7E-08 
1.8E-08 
1.8E-08 

' 1.9E-08 
1.9E-08 
1.7E-08 

4.4 
4.3 
4.1 
3.6 
3.7 
3.7 
3.5 
3.8 
.4.0 
3.7 
3.7 
3.7 
3.5 
3.5 
3.8 
3.6 
3.6 
3.7 

3.6 
3.6 
3.5 
3.6 
3.6 
3.5 
3.7 
3.7 
3.6 
3.8 
3.5 
3.5 
3.5 

,3.5 

1 
Milk Ingestion 

GM (Lglyearll GSD 

1 6.8E-10 I 
7.6E-10 
9.6E-10 1 
8.2E-10 
6.1E-10 ~ 

1 .OE-09 1 

l.lE-09 1 
2.OE-09 
2.5E-09 
2.5E-09 
2.9E-09 
2.5E-09 
2.1E-09 
1.9E-09 
1 .OE-09 
1.4E-09 
1.6E-09 
1.4E-09 
1.4E-09 
1.5E-09 
1.8E-09 
l.lE-09 
1.2E-09 
1.2E-09 
l.lE-09 
l.lE-09 
1 .OE-09 
1 .OE-09 
1 .OE-09 
1.3E-09 
1 .OE-09 
1.OE-09 ~ 

4.9 
5.2 
4.8 
4.4 
4.4 
4.5 
4.4 
4.5 
4.6 
4.2 
4.5 
4.1 
4.2 
4.0 
4.1 
4.1 
3.8 
4.0 
4.0 
4.0 
4.0 
4.1 
4.0 
4.2 
4.0 
4.4 
4.0 
4.0 
4.0 
4.0 
4.1 
4.2 



P-way-Specffic Doses Assoclsted with Rwtine Alrbome Release of Bervlnum (continued) 
sector 9 
(1958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

'1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Beef Ingestion 
GM mlyear)  GSD 

7.OE-07 4.8 
6.8E-07 4.5 
8.2E-07 4.3 
7.4E-07 3.9 
5.OE-07 4.3 
1.OE-06 , 4.5 
1 .OE-06 3.8 
2.1 E-06 4.3 
2.3E-06 4.3 
2.OE-06 4.1 
2.7E-06 4.0 
2.3E-06 3.7 
1.8E-06 3.9 
1.7E-06 3.6 
8.9E-07 3.6 
1.2E-06 3.8 
1.3E-06 3.6 
1.3E-06 3.7 
l.lE-06 3.8 
1 .2E-06 3.5 
1.8E-06 3.7 
9.5E-07 3.6 
9.2E-07 4.0 
l. lE-06 3.7 
8.7E-07 4.0 
8.8E-07 4.1 
8.9E-07 3.7 
9.7E-07 3.9 
8.7E-07 4.0 
9.9E-07 3.6 
8.7E-07 4.0 
9.8E-07 3.9 

Inhalation of 
Resuspended Particulates 
GM mlyearl  GSD 

8.OE-09 
1.8E-08 
3.2E-08 
4.OE-08 
4.7E-08 
5.7E-08 
7.2E-08 
9.1 E-08 
1.2E-07 
1.5E-07 
1.7E-07 
2.OE-07 
2.3E-07 
2.4E-07 
2.3E-07 
2.3E-07 
2.5E-07 
2.4E-07 
2.4E-07 
2.4E-07 
2.5E-07 
2.3E-07 
2.6E-07 
2.7E-07 
2.7E-07 
2.6E-07 
2.7E-07 
2.5E-07 
2.6E-07 
2.6E-07 
2.5E-07 
2.6E-07 

3.5 
2.9 
2.8 
2.7 
2.7 
2.6 
2.6 
2.5 
2.7 
2.7 
2.6 
2.5 
2.7 
2.6 
2.6 
2.4 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.7 
2.6 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 

Total Inhalation 
GM lpglyearl GSD 

3.3E-05 
3.OE-05 
3.2E-05 
2.7E-05 
1.6E-05 
2.9E-05 
3.2E-05 
7.5E-05 
8.2E-05 
7.6E-05 
8.9E-05 
6.4E-05 
3.3E-05 
3.OE-05 
4.OE-06 
1.3E-05 
1.7E-05 
1 .OE-05 
7.6E-06 
8.7E-06 
3.OE-05 
3.1 E-06 
2.3E106 
7.4E-07 
5.3E-07 
2.6E-07 
9.7E-07 
1.3E-06 
5.1E-07 
7.2E-07 
5.OE-07 
1.5E-06 

2.7 
2.6 
2.6 
2.6 
2.5 
2.7 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.3 
2.4 
2.4 
2.4 
2.4 
2.4 
2.5 
2.3 
2.2 
2.1 
2.1 
2.5 
2.1 
2.0 
2.1 
2.0 
2.1 
2.3 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

2 of 2 

Total Ingestion 
GM (Cglyear) GSD, 

2.3E-06 
1.1E-06 
2.5E-06 
2.1E-06 
1.5E-06 
2.9E-06 
2.9E-06 
6.4E-06 
6.8E-06 
6.OE-06 
8.OE-06 
6.2E-06 
4.3E-06 
4.OE-06 
1.7E-06 
2.6E-06 
3.OE-06 
2.6E-08 
2.3E-06 
2.5E-06 
4.3E-06 
1.8E-06 
1.8E-06 
1.8E-06 
1.6E-06 
1.5E-06 
1.6E-06 
1.8E-06 
1.6E-06 
1.7E-06 
1.5E-06 
1.7E-06 

3.4 
3.5 
3.2 
2.9 
3.0 
3.2 
2.9 
3.1 
3.2 
2.9 
2.9 
2.8 
2.7 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.4 

, 2.6 
2.5 
2.7 
2.7 
2.7 
2.9 
2.6 
2.6 
2.8 
2.5 
2.8 
2.8 



Pathway-SpecfRc Doses Assdated with R W n e  Airborne Release of Beryllium 
Sector 10 
(1958 - 1989) - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

_ _ ~  

Inhalation 
GM h l y e a r )  GSD 

1.3E-05 
1.3E-05 
1.3E-05 
1 .OE-05 
7.OE-06 
1.2E-05 
1.3E-05 
2.9E-05 
3.4E-05 
3.3E-05 
3.6E-05 
2.6E-05 
1.3E-05 
1.2E-05 
1.4E-06 . 
5.4E-06 
7.OE-06 
3.7E-06 
2.5E-06 
3.5E-08 
1.2E-05 
1 .OE-06 : 

7.8E-07 
1.4E-07 
7.2E-08 
5.3E-16 
2.2E-07 
3.5E-07 
7.4E-08 
1.4E-07 
7.6E-08 
4.2E-07 

2.5 
2.6 
2.6 
2.5 
2.7 
2.6 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.4 
2.4 
2.4 
2.6 
2.8 
2.5 
2.5 
2.4 
2.4 
2.6 
2.4 
2.4 
2.5' 
2.6 
2.5 
2.4 
2.6' 

2.5 
2.54 

Soil Ingestion 
GM lpglyear) GSD 

3.2E-09 
7.6E-09 
1.3E-08 
1.8E-08 
1.8E-08 
2.6E-08 
2.9E-08 
3.8E-08 
4.8E-08 
6.OE-08 
7.3E-08 
8.1 E-08 
9.1 E-08 
1 .OE-07 
9.6E-08 
9.8E-08 
1 .OE-07 
l.lE-07 
9.5E-08 
l.lE-07 
l.lE-07 
1 . l  E-07 
l.lE-07 
.1.1E-07 
1.1 E-07 
l.lE-07 
1.2E-07 
l.lE-07 
1 .OE-07 
9.9E-08 
1.1 E-07 
1.2E-07 

4.3 
3.8 
3.5 
3.4 
3.4 
3.3 
3.7 
3.4 
3.3 
3.1 
3.4 
3.5 
3.4 
3.2 
3.2 
3.3 
3.3 
3.1 
3.4 
3.2 
3.1 
3.3 
3.4 
3.3 
3.2 
3.0 
3.2 
3.3 
-3.2 
3.3 
3.4 
3.4 

Vegetable Ingestion 
GM lpglyear) GSD 

4.1 E-07 
4.4E-07 
4.4E-07 
3.6E-07 
2.2E-07 
3.7E-07 
4.1 E-07 
1 .OE-06 
1.2E-06 
1 .l E-06 
1.2E-06 
8.8E-07 
4.6E-07 
4.1 E-07 
6.2E-08 
2.1 E-07 
2.5E-07 
1.6E-07 
l.lE-07 
1.5E-07 
4.4E-07 
5.6E-08 
4.6E-08 
1.9E-08 ~ 

1 .5E-08 
9.5E-09 
2.2E-08 
2.8E-08 
1.5E-08 
2.OE-08 
1.5E-08 
3.3E-08 

3.8 
3.6 
3.6 
3.6 
3.9 
3.6 
3.6 
3.7 
3.7 
3.5 
3.8 
3.7 
3.5 
3.2 
2.9 
3.4 
3.4 
3.4 
3.1 
3.4 
3.3 
2.9 
2.9 
2.9 
2.9 
3.4 
3.0 
3.0 
3.0 
2.7 
2.9 
2.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram 

fE-YR-lO.XLS 1 of 2 

Wheat Ingestion 
GM lpglyear) GSD 

2.2E-10 5.0 
4.8E-10 4.4 
8.2E-10 3.9 
1.1E-09 3.9 
1.3E-09 3.9 
1.5E-09 3.8 
1.8E-09 3.6 
2.5E-09 3.9 
3.2E-09 3.6 
4.6E-09 3.5 
4.3E-09 3.8 
5.7E-09 3.6 
6.4E-09 3.9 
6.3E-09 3.6 
6.6E-09 3.7 
7.4E-09 3.7 
6.OE-09 3.6 
7.2E-09 3.5 
7.OE-09 3.7 
7.3E-09 3.5 
7.6E-09 3.6 
8.OE-09 3.6 
7.7E-09 . 3.4 
7.3E-09 3.6 
6.8E-09 3.4 
7.1 E-09 3.5 
6.6E-09 3.6 
7.2E-09 3.5 
6.5E-09 3.6 ~ 

7.6E-09 3.5 
7.2E-09 3.8 
7.OE-09 3.6 

Milk lnge 
GM @/year) 

2.7E-10 
3.2E-10 
3.2E-10 
3.2E-10 
2.6E-10 
3.1E-10 
4.7E-10 
9.6E-10 
9.8E-10 
9.2E-10 
1.2E-09 
9.5E-10 
7.3E-10 
7.6E-10 
4.5E-10 
5.7E-10 
6.3E-10 
5.4E-10 
5.6E-10 
5.7E-10 
7.4E-10 
4.4E-10 
4.6E-10 
4.6E-10 
4.2E-10 
4.2E-10 
4.OE-10 
4.OE-10 
4.2E-10 
4.1E-10 
4.5E-10 
4.9E-10 

ion 
GSD 

5.1 
4.9 
4.4 
4.6 
4.5 
4.3 
4.6 
4.3 
4.6 
4.4 
4.4 
4.6 
4.2 
3.7 
3.7 
4.3 
3.9 
4.1 
3.9 
4.0 
3.9 
3.9 
4.0 
4.2 
4.0 
4.2 
4.2 
4.0 
3.9 
4.1 
4.1 
4.0 - 



Psth~ay-Specific Doses Assodated with Ranine Alrbome Release of Bervlllum bmtInued) 
sector 10 
(1958 - 1989) 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Beef Ingestion 
GM lpglyear) GSD 

2.7E-07 
3.2E-07 
3.1 E-07 
3.3E-07 
2.4E-07 
3.5E-07 
4.1 E-07 
7.8E-07 
9.7E-07 
9.9E-07 
1 .OE-06 
1 .OE-06 
7.OE-07 
6.6E-07 
3.8E-07 
5.8E-07 
5.4E-07 
4.9E-07 
4.3E-07 
4.5E-07 
7.4E-07 
4.2E-07 
4.2E-07 
3.9E-07 
3.9E-07 
4.OE-07 
4.0 E - 0 7 
4.OE-07 
3.9E-07 
3.7E-07 
3.9E-07 
4.2E-07 

4.9 
4.4 
4.1 
4.2 
4.1 
4.5 
4.2 
4.3 
4.4 
4.1 
4.2 
4.0 
3.5 
3.7 
3.7 
3.6 
3.7 
3.7 
3.8 
3.9 
3.7 
3.7 
3.8 
3.8 
3.8 
3.9 
3.8 
3.9 
3.8 
3.5 
4.0 
4.0 

Inhalation of 
Resuspended Particulates 
GM h l y e a r )  GSD 

3.3E-09 
6.8E-09 
1.2E-08 
1.6E-08 
1.9E-08 
2.3E-08 
3.OE-08 
3.8E-08 
4.6E-08 
6.1 E-08 
7.4E-08 
8.3E-08 
9.2E-08 
9.4E-08 
9.3E-08 
9.5E-08 
9.9E-08 
1 .OE-07 
9.3E-08 
9.6E-08 
l. lE-07 
l. lE-07 
1.1 E-07 
1.1E-07 
1.1E-07 
l.lE-07 
1.1 E-07 
l. lE-07 
l.lE-07 
l . lE-07 
l. lE-07 
l . lE-07 

3.7 
3.2 
2.9 
2.7 
2.8 
2.8 
2.7 
2.8 
2.6 
2.5 
2.7 
2.6 
2.5 
2.5 
2.4 
2.6 
2.6 
2.4 
2.4 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.7 
2.5 

. Total Inhalation 
GM lpglyearl GSD 

1.3E-05 
1.3E-05 
1.3E-05 
1 .OE-05 
7 .OE-06 
1.2E-05 
1.3E-05 
2.9E-05 
3.4E-05 
3.3E-05 
3.6E-05 
2.6E-05 
1.3E-05 
1.2E-05 
1.6E-06 
5.6E-06 
7.2E-06 
3.9E-06 
2.7E-06 
3.7E-06 
1.2E-05 
1.2E-06 
9.7E-07 
3.OE-07 
2.1E-07 
l. lE-07 
3.8E-07 
5.3E-07 
2.1 E-07 
2.9E-07 
2.2E-07 
5.9E-07 

2.5 
2.6 
2.6 
2.5 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.4 
2.2 
2.4 
2.5 
2.5 
2.4 
2.4 
2.4 
2.3 
2.3 
2.1 
2.1 
2.6 
2.1 
2.2 
2.0 
2.1 
2.1 
2.1 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

2 of 2 

Total Ingestion 
GM lpglyear) GSD 

8.8E-07 
9.7E-07 
9.7E-07 
9.2E-07 
6.5E-07 
9.9E-07 
1.1 E-06 
2.4E-06 
2.9E-06 
2.8E-06 
3.OE-06 
2.6E-06 
1.7E-06 
1.6E-06 
7.2E-07 
1.2E-06 
1.2E-06 
l.lE-06 
8.8E-07 
9.9E-07 
1.8E-06 
7.7E-07 
7.7E-07 
6.8E-07 
6.7E-07 
6.7E-07 
6.9E-07 
7.2E-07 
6.6E-07 
6.3E-07 
6.8E-07 
7.6E-07 

3.5 
3.3 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.1 
3.0 
3.1 
3.0 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.5 
2.6 
2.7 
2.8 
2.9 
2.7 
2.8 
2.7 
2.6 
2.9 
2.7 



Pathway-SpeciRc Doses As~oclatod with Routine Airborne Rdease of Beryllium 
Sector 11 
(1968 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM @/year) GSD 

l.lE-05 
1.2E-05 
1.2E-05 
9.7E-06 
6.6E-06 
l.lE-05 
l.lE-05 
2.8E-05 
3.OE-05 
3.OE-05 
3.3E-05 
2.3E-05 
1.4E-05 
9.9E-06 
1.4E-06 
4.8E-06 
6.3E-06 
3.5E-06 
2.3E-06 
3.4E-06 
l.lE-05 
1 .OE-06 
6.8E-07 
1.4E-07 ' 

6.8E-08 . 
4.8E-16 . 
2.OE-07 
3.5E-07 
6.6E-08 
1.4E-07 
6.6E-08 
4.2E-07 

2.6 
2.5 
2.7 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

Soil Ingestion 
GM h l y e a r )  GSD 

3.2E-09 4.2 
6.6E-09 3.9 
1.1 E-08 3.8 
1.6E-08 3.2 
1.8E-08 3.4 
2.4E-08 3.2 
2.5E-08 3.4 
3.7E-08 3.4 
4.7E-08 3.3 
5.8E-08 3.4 
6.8E-08 3.4 
8.8E-08 3.1 
8.OE-08 3.3 
8.4E-08 3.4 
9.2E-08 3.3 
8.6E-08 3.2 
9.8E-08 3.3 
9.6E-08 3.2 
9.8E-08 3.0 
9.6E-08 3.2 
8.9E-08 3.1 
9.9E-08 3.2 
9.8E-08 3.5 
9.8E-08 3.2 
9.3E-08 3.3 
1 .OE-07 3.4 
1 .OE-07 3.1 
9.8E-08 3.4 
9.3E-08 3.5 
9.6E-08 3.3 
1 .OE-07 3.2 
,1.1 E-07 3.3 

Vegetable Ingestion 
GM wlyear)  GSD 

3.5E-07 3.6 
4.2E-07 3.7 
4.2E-07 3.7 
3.3E-07 3.6 
2.1 E-07 3.6 
3.6E-07 3.7 
3.5E-07 3.6 
9.4E-07 3.6 
1 .OE-06 3.6 
9.5E-07 3,4 
1.2E-06 3.5 
7.7E-07 3.8 
4.6E-07 3.5 
3.5E-07 3.5 
6.8E-08 3.0 
1.9E-07 3.2 
2.3E-07 3.3 
1.4E-07 3.4 
9.6E-08 3.1 
1.4E-07 3.3 
4.2E-07 3.5 
5.1 E-08 2.9 
3.9E-08 2.9 
1.7E-08 3.0 
1.4E-08 3.1 
9.4E-09 3.5 
2.1 E-08 2.9 
2.7E-08 2.8 
1.5E-08 2.9 
1.8E-08 2.9 
1.4E-08 2.9 
3.1 E-08 3.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram 

1 of 2 

e. . .  

Wheat Ingestion 
GM (Irglyear) GSD 

2.OE-10 4.8 
4.9E-10 3.8 
7.6E-10 4.0 
1 . 1 E-09 3.7 
1.2E-09 4.0 
1.4E-09 3.7 
1.9E-09 3.8 
2.7E-09 3.6 
3.2E-09 3.8 
3.5E-09 3.7 
4.9E-09 3.6 
5.4E-09 3.6 
5.5E-09 3.6 
6.1 E-09 3.7 
5.5E-09 3.8 
6.OE-09 3.7 
6.OE-09 3.6 
6.2E-09 3.8 
6.7E-09 3.4 

3.5 6.1 E-09 
6.7E-09 3.6 
7.OE-09 3.7 
6.8E-09 3.5 
6.OE-09 3.7 
6.6E-09 3.7 
6.3E-09 3.5 
6.6E-09 3.6 
6.7E-09 3.4 
7.OE-09 3.6 
6.7E-09 3.5 
6.8E-09 3.7 

, 6.9E-09 3.4 

~ 

1 

Milk Ingedtion 
GM b / y e a r )  I GSD 

1 
2.1 E-1 0 
2.9E-10 
3.2E-10 
2.9E-10 
2.5E-10 
3.5E-10 
3.7E-10 
7.9E-10 
9.OE-10 
9.6E-10 
l.lE-09 
9.9E-10 
7.1E-10 
6.5E-10 
4.3E-10 
4.6E-10 
6.1 E-10 
5.4E-10 
4.2E-10 
5.6E-10 
7.6E-10 
4.7E-10 
4.1 E-10 
4.1E-10 
4.2E-10 
3.9E-10 
3.8E-10 
4.5E-10 
4.2E-10 
4.3E-10 
4.3E-10 
3.9E-10 

5.2 
4.7 
4.3 
4.3 
4.8 
4.4 
4.4 
4.3 
4.5 
4.2 
4.4 
4.4 
4.4 
4.1 
4.0 
3.8 
3.9 
4.0 
4.3 
4.0 
4.1 
4.4 
4.1 
3.9 
4.2 
4.4 
4.3 
3.7 
4.2 
3.9 
4.4 
3.7 



Pathway-Spedtic Doses Associsted wlth R d n e  Airborne Rdease of Beryllium (continued) 
sector 11 
(1958 - 19891 - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~~ ~ 

Beef Ingestion 
GM Wlyear) GSD 

2.4E-07 
3.1 E-07 
2.9E-07 
2.8E-07 
2.3E-07 
3.2E-07 
3.1 E-07 
7.4E-07 
8.7E-07 
8.9E-07 
9.5E-07 
8.4E-07 
6.9E-07 
5.9E-07 
4.OE-07 
4.9E-07 
5.6E-07 
4.7E-07 
4.2E-07 
4.8E-07 
7.3E-07 
3.9E-07 
3.3E-07 
3.7E-07 
3.4E-07 
4.1 E-07 
3.9E-07 
3.7E-07 
3.8E-07 
3.7E-07 
3.5E-07 
4.OE-07 

4.5 
4.7 
4.1 
4.1 
3.9 
4.2 
4.0 
3.9 
4.1 
4.0 
4.0 
3.5 
3.6 
3.9 
4.0 
3.7 
3.7 
3.9 
3.7 
3.8 
3.7 
3.8 
3.6 
4.1 
4.0 
3.9 
3.8 
4.2 
3.7 
3.9 
3.9 
3.7 

Inhalation of 
Resuspended Particulates 
GM @/year) GSD 

2.9E-09 3.8 
7.1 E-09 3.1 
1.2E-08 2.6 
1.4E-08 2.7 
1.8E-08 2.6 
2.2E-08 2.6 
2.5E-08 2.5 
3.8E-08 2.6 
4.6E-08 2.8 
5.7E-08 2.8 
6.8E-08 2.6 
8.1 E-06 2.5 
8.6E-08 2.5 
8.5E-08 2.5 
8.3E-08 2.6 
8.3E-08 2.5 
9.8E-08 2.5 
9.7E-08 2.6 
8.9E-08 2.4 
1 .OE-07 2.5 
9.6E-08 2.6 
l. lE-07 2.5 
9.1 E-08 2.6 
1 .OE-07 2.5 
9.5E-06 2.5 
1 .OE-07 2.5 
1.1 E-07 2.5 
9.6E-08 2.4 
9.7E-08 2.4 

. 9.4E-08 2.5 
9.8E-08 2.5 
1 .OE-07 . 2.6 

Total Inhalation 
GM Wlyear) GSD 

l. lE-05 2.6 
1.2E-05 2.5 
1.2E-05 2.7 
9.8E-06 2.6 
6.7E-06 2.6 
1 .l E-05 2.5 
1.1 E-05 2.5 
2.9E-05 2.5 
3.OE-05 2.5 
3.OE-05 2.6 
3.4E-05 2.6 
2.3E-05 2.5 
1.4E-05 2.5 
1 .OE-05 2.5 

2.4 
4.9E-06 2.4 
6.5E-06 2.4 
3.7E-06 2.5 
2.5E-06 2.4 
3.7E-06 2.5 
1.1 E-05 2.5 
1.2E-06 . 2.3 
8.3E-07 2.3 
2.6E-07 2.1 
1.9E-07 2.0 
1 .OE-07 2.5 
3.6E-07 2 .o 
5.1E-07 2.1 
1.9E-07 2.0 
2.7E-07 2.1 
1.9E-07 2.1 
5.9E-07 2.2 

1.6E-06 

NOTES: 
1) E-01 ia the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD Geometric Standard Deviation 
4 1 ~  = microgram 

2 of 2 

Total ingestion 
GM h l y e e r )  GSD 

7.5E-07 3.3 
9.4E-07 3.4 
9.2E-07 3.2 
8.2E-07 3.0 
6.2E-07 2.9 
9.4E-07 3.0 
9.OE-07 2.9 
2.2E-06 2.9 
2.6E-06 3.0 
2.5E-06 2.9 
2.9E-06 2.8 
2.3E-06 2.7 
1.7E-06 2.6 
1.4E-06 2.7 
7.6E-07 2.7 
1 .OE-06 2.6 
1.2E-06 2.5 
9.8E-07 2.6 
8.4E-07 2.6 
1 .OE-06 2.6 
1.7E-06 2.5 
7.4E-07 2.6 
6.4E-07 2.5 
6.4E-07 2.9 
6.OE-07 2.8 
6.7E-07 2.9 
6.7E-07 2.7 
6.7E-07 2.8 
6.3E-07 2.7 
6.2E-07 2.8 
6.OE-07 2.8 
7.OE-07 2.7 



pahwe~-Speclfic Doses Aaaodmted with R d n e  Airborne Rdeese of Beryllium 
Sector 12 
(1958 - 1989) - 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~ ~ _ _ _  

Inhalation 
GM (Iglyearl GSD 

4.1 E-05 2.5 
3.9E-05 2.7 
3.9E-05 2.5 
3.3E-05 2.5 
2.1E-05 2.6 
3.7E-05 2.7 
3.7E-05 2.6 
9.OE-05 2.6 
9.3E-05 2.5 
9.4E-05 2.6 
1 . 1 E-04 2.6 
8.OE-05 2.5 
4.3E-05 2.6 
3.5E-05 2.4 
4.2E-06 2.5 
1.5E-05 2.5 
2.3E-05 2.5 
1.2E-05 2.3 
8.2E-06 2.4 
1.2E-05 2.6 
3.8E-05 2.6 
3.6E-OB 2.4 
2.4E-06 2.5 
4.9E-07 2.5 
2.3E-07 2.5 
1.6E-15 2.5 
7.2E-07 2.5 
1.1E-06 2.4 
2.2E-07 2.4 
4.4E-07 2.6 
2.1E-07 2.4 
1.4E-06 2.4 

Soil Ingestion 
GM h l y e a r l  GSD 

1.1 E-08 
2.4E-08 
3.7E-08 
5.OE-08 
6.OE-08 
7.3E-08 
8.9E-08 
1.3E-07 
1.6E-07 
1.9E-07 
2.4E-07 
2.7E-07 
2.8E-07 
2.9E-07 
2.9E-07 
3.OE-07 
3.2E-07 
2.9E-07 
3.2E-07 
3.3E-07 
3.7E-07 
3.1E-07 
3.7E-07 
3.8E-07 
3.9E-07 
3.OE-07 
3.5E-07 
3.6E-07 
3.2E-07 
3.4E-07 
3.2E-07 
3.3E-07 

4.3 
3.7 
3.8 
3.5 
3.5 
3.2 
3.3 
3.1 
3.2 
3.1 
3.3 
3.2 
3.3 
3.3 
3.2 
3.3 
3.1 
3.2 
3.2 
3.0 
3.2 
3.2 
3.2 
2.9 
3.1 
3.5 
3.4 
3.3 
3.4 
3.5 
3.2 
3.2 

Vegetable Ingestion 
GM bglyearl GSD 

1.4E-06 
1.4E-06 
1.3E-06 
1.2E-06 
7.6E-07 
1.4E-06 
1.4E-06 
3.1 E-06 
3.3E-06 
3.2E-06 
3.7E-06 
2.7E-06 
1.5E-06 
1.2E-06 
2.OE-07 
5.4E-07 
8.6E-07 
4.7E-07 
3.2E-07 
4.4E-07 
1.4E-06 
1.7E-07 
1.4E-07 
5.8E-08 
4.7E-08 
3.4E-08 
6.4E-08 
8.5E-08 
4.7E-08 
5.6E-08 
4.8E-08 
9.6E-08 

3.7 
3.5 
3.7 
3.6 
3.7 
3.6 
3.5 
3.6 
3.7 
3.5 
3.5 
3.6 
3.4 
3.3 
2.9 
3.2 
3.4 
3.3 
3.1 
3.3 
3.6 
3.1 
3.0 
2.8 
2.9 
3.6 
2.8 
2.9' 
3.1 
2.9 
2.9 
2.7 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by'l0'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

eE-Vn-l2.XLS 1 of 2 

Wheat Ingestion 
GM (JJglyear) GSD 

6.8E-10 
1.7E-09 
2.6E-09 
3.3E-09 
4.OE-09 
5.3E-09 
6.OE-09 
8.2E-09 
1 .OE-08 
1.3E-08 
1.5E-08 
1.7E-08 
1.8E-08 
2.3E-08 
2.2E-08 
1.9E-08 
2.1 E-08 
2.2E-08 
2.OE-08 
1.9E-08 
2.2E-08 
2.OE-08 
2.4E-08 
2.1 E-08 
2.2E-08 
2.4E-08 
2.1 E-08 
2.3E-08 
2.3E-08 
2.1 E-08 
2.2E-08 
2.3E-08 

4.6 
3.9 
4.1 
4.0 
3.5 
3.8 
3.4 
3.8 
3.8 
3.6 
3.6 
3.6 
3.5 
3.5 
3.6 
3.7 
3.5 
3.4 
3.3 
3.7 
3.5 
3.5 
3.7 
3.5 
3.5 
3.3 
3.6 
3.7 
3.8 
3.7 
3.5 
3.5 

Milk Ingestion. 
GM h / y e a r )  I GSD 

8.4E-10 ~ 

9.9E-10 1 
9.9E-10 I 

9.4E-10 I 

1.2E-09 ~ 

1.4E-09 

8.3E-10 

2.8E-09 1 
2.8E-09 
2.9E-09 
3.7E-09 
3.3E-09 
2.4E-09 
2.3E-09 
1.4E-09 
1.9E-09 
1.9E-09 
1.8E-09 , 1 
lSE-09 1.7E-09 I 
2.5E-09 
1.5E-09 
1.4E-09 1 
1.4E-09 I 
1.3E-09 1 

1.4E-09 

1.3E-09 

1 1.4E-09 
1.5E-09 

1.4E-09 1 , 
1.3E-09 

1.4E-09 I 
1 

5.4 
5.3 
4.5 
4.3 
4.2 
4.6 
4.5 
4.9 
4.6 
4.0 
4.6 
4.3 
4.0 
4.2 
4.2 
3.8 
3.8 
3.9 
3.8 
4.1 
4.0 
3.9 
4.3 
4.1 
4.4 
4.4 
4.2 
4.1 
4.3 
4.3 
4.0 
4.3 



Pathway-Spedflc Doses Assoclatsd wkh Routine Airborne Rdsase of Berylllum (contlnued) 
Sector 12 
(1958 - 1989) - 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

Beef Ingestion 
GM balvearl GSD 

8.3E-07 
1 .OE-06 
9.1 E-07 
9.2E-07 
7.OE-07 
1.2E-06 
1.2E-06 
2.8E-06 
2.7E-06 
2.9E-06 
3.4E-06 
3.OE-06 
2.3E-06 
2.1E-06 
1.1 E-06 
1.6E-06 
1.9E-06 . 
1.5E-06 
1.4E-06 
1.4E-06 
2.4E-06 
1.3E-06 
1.3E-06 
1.3E-06 
1.4E-06 
l. lE-06 
1.2E-06 
1.2E-06 
1.3E-06 
1.2E-06 
1.2E-06 
1.2E-06 

4.8 
4.4 
4.4 
4.2 
4.0 
4.4 
4.2 
4.2 
3.9 
4.0 
3.8 
3.8 
3.9 
3.9 
3.9 
3.6 
3.6 
3.7 
3.5 
3.8 
3.5 
3.8 
3.9 
3.6 
4.2 
3.7 
3.8 
3.8 
3.7 
4.2 
3.7 
4.0 

Inhalation of 
Resuspended Particulates 
GM h l v e a r l  GSD 

1 .OE-08 
2.3E-08 
3.8E-08 
5 .OE-08 
5.9E-08 
7.6E-08 
9.6E-08 
l. lE-07 
1.6E-07 
1.9E-07 
2.3E-07 
2.6E-07 
2.8E-07 
2.9E-07 
2.9E-07 
3.1 E-07 
3.1 E-07 
3.2E-07 
3.1 E-07 
3.1E-07 
3.5E-07 
3.4E-07 
3.6E-07 
3.4E-07 
3.5E-07 
3.3E-07 
3.3E-07 
3.56-07 
3.7E-07 
3.5E-07 
3.4E-07 
3.4E-07 

3.3 
2.9 
2.8 
2.6 
2.7 
2.5 
2.6 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 
2.6 
2.4 
2.5 
2.4 
2.4 
2.5 
2.3 
2.5 
2.6 
2.4 
2.5 
2.4 
2.5 
2.5 
2.5 

___ ~~~ 

Total Inhalation 
GM (Irglyear) GSD 

4.1 E-05 2.5 
3.9E-05 2.7 
3.9E-05 2.5 
3.3E-05 2.4 
2.1 E-05 2.6 
3.7E-05 2.7 
3.7E-05 2.6 
9.OE-05 2.6 
9.3E-05 2.5 
9.5E-05 2.6 
1.1 E-04 2.6 
8.1 E-05 2.5 
4.4E-05 2.6 
3.6E-05 2.4 
4.8E-06 2.3 
1.6E-05 2.4 
2.4E-05 2.4 
1.3E-05 2.3 
8.8E-06 2.3 
1.2E-05 2.5 
3.8E-05 2:6 
4.2E-06 2.2 
3.OE-06 2.2 
9.7E-07 2.0 
6.8E-07 2.1 
3.3E-07 2.6 
1.2E-06 2.1 
1.6E-06 2.1 
6.7E-07 2 .o 
9.3E-07 2.1 
6.4E-07 2.1 
2.OE-06 2.1 

NOTES: 
1 I E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

Total Ingestion 
GM (pglyear) GSD 

3.4 
3.1 E-06 3.2 
3.OE-06 3.1 
2.8E-06 2.9 
2.OE-06 2.9 
3.5E-06 3.1 
3.6E-06 3.0 
7.8E-06 3.1 
8.OE-06 2.9 
8.3E-06 2.9 
9.7E-06 2.8 
8.1E-06 2.7 
5.5E-06 2.7 
5.OE-06 2.6 
2.2E-06 2.6 
3.3E-06 2.5 
4.2E-06 2.5 
3.2E-06 2.5 
2.7E-06 2.4 
3.1 E-06 2.4 
5.6E-06 2.6 
2.4E-06 2.6 
2.4E-06 2.7 
2.2E-06 2.6 
2.3E-06 2.9 
1.9E-06 2.8 
2.2E-06 2.7 
2.2E-06 2.6 
2.1E-06 2.8 
2.1E-06 2.9 
2.1E-06 2.7 
2.2E-06 2.6 

2.9E-06 

2 of 2 



Pathway-Specific Doses A8soclatd with Routine Airborne Rdease of Beryllium 
Denver 
11968 - 1989) 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM (yelyear) GSD 

1.5E-05 2.6 
1.5E-05 2.6 
1.5E-05 2.5 
l.lE-05 2.7 
7.2E-06 2.5 
1.3E-05 2.6 
1.3E-05 2.7 
3.5E-05 2.6 
3.7E-05 2.6 
3.8E-05 2.5 
4.5E-05 2.7 
2.6E-05 2.5 
1.7E-05 2.6 
1.3E-05 2.3 
1.6E-06 2.4 
6.OE-06 2.5 
8.7E-06 2.5 
4.5E-06 2.6 
3.2E-06 2.5 
4.1 E-06 2.5 
1.5E-05 2.6 
1.3E-06 2.5 
8.5E-07 2.5 
1.7E-07 2.4 
8.4E-08 2.7 
5.9E-16 2.5 
2.4E-07 2.6 
4.3E-07 2.6 
8.4E-08 2.6 
1.7E-07 2.4 
7.9E-08 2.5 
4.7E-07 2.5 

Soil Ingestion 
GM @/year) GSD 

3.8E-09 
8.OE-09 
1.4E-08 
1 .8E-08 
2.2E-08 
2.8E-08 
3.6E-08 
4.5E-08 
5.7E-08 
7.2E-08 
9.3E-08 
9.6E-08 
1 .OE-07 
1.2E-07 
1.1 E-07 
1 . l  E-07 
1.1 E-07 
1.1 E-07 
l.lE-07 
1.3E-07 
1.2E-07 
1.4E-07 
1.2E-07 
1.3E-07 
1.3E-07 
1.3E-07 
1.2E-07 
1.2E-07 
l.lE-07 
1.2E-07 
1.2E-07 
1.3E-07 

4.0 
3.9 
3.8 
3.5 
3.4 
3.3 
3.2 
3.5 
3.4 
3.4 
3.2 
3.1 
3.6 
3.2 
3.3 
3.5 
3.1 
3.1 
3.3 
3.2 
3.4 
3.1 
3.4 
3.1 
3.3 
3.2 
3.4 
3.3 
3.7 
3.4 
3.4 
3.1 

Vegetable ingestion 
GM bglyearl GSD 

4.8E-07 
5.2E-07 
5.2E-07 
3.7E-07 
2.6E-07 
4.6E-07 
4.6E-07 
1.2E-06 
1.3E-06 
1.2E-06 
1.6E-06 
8.9E-07 
5.8E-07 
4.6E-07 
8.OE-08 
2.2E-07 
3.4E-07 
1.8E-07 
1.3E-07 
1.4E-07 
5.3E-07 
6.6E-08 
5.1E-08 
2.OE-08 
1.8E-08 
1.2E-08 
2.5E-08 
3.5E-08 ' 

1.9E-08 
2.2E-08 
1.6E-08 
3.5E-08 

4.0 
3.4 
3.4 
3.7 
3.7 
3.8 
3.5 
3.7 
3.7 
3.6 
3.6 
3.6 
3.7 
3.3 
2.9 
3.4 
3.5 
3.2 
3.4 
3.2 
3.4 
3.1 
3.2 
3.2 
3.1 
3.7 
2.9 
2.9 
3.1 
2.9 
3.0 
2.9 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)pg = microgram 
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Wheat Ingestion 
GM bglyear) GSD 

2.5E-10 
6.OE-10 
9.6E-10 
1.4E-09 
1.5E-09 
1.9E-09 
2.4E-09 
3.OE-09 
3.9E-09 
4.6E-09 
5.7E-09 
6.7E-09 
6.9E-09 
6.7E-09 
7.9E-09 
7.5E-09 
7.4E-09 
7.1 E-09 
7.8E-09 
7.4E-09 
8.6E-09 
8.2E-09 
8.3E-09 
7.4E-09 
7.9E-09 
8.8E-09 
8.5E-09 
9.1 E-09 
9.2E-09 
7.9E-09 
7.7E-09 
8.2E-09 

4.5 
4.2 
4.3 
4.0 
3.8 
3.9 
3.4 
3.9 
3 .-6 
3.5 
3.6 
3.7 
3.7 
3.5 
3.6 
3.8 
3.5 
3.6 
3.6 
3.6 
3.6 
3.7 
3.7 
3.5 
3.8 
3.7 
3.6 
3.7 
3.6 
3.5 
3.6 
3.6 

Milk lngestil 
GM tpglyear) 

3.OE-10 
3.5E-10 
3.8E-10 
3.5E-10 
2.9E-10 
4.5E-10 
4.8E-10 
1 .OE-09 
l.lE-09 
1.3E-09 
1.6E-09 
l.lE-09 
9.2E-10 
8.4E-10 
4.7E-10 
5.9E-10 
7.OE-10 
7.OE-10 
5.9E-10 
7.OE-10 
1 .OE-09 
5.5E-10 
5.7E-10 
5.OE:lO 
5.2E-10 
4.7E-10 
4.9E-10 
5.3E-10 
5.3E-10 
4.8E-10 
5.9E-10 
5.9E-10 

i 

GSD 

5.4 
4.6 
4.4 
4.5 
4.3 
4.3 
4.2 
4.3 
4.3 

- 

4.4 

1 4.0 
1 4.1 
I 4.0 

3.7 1 4.1 
I 4.1 
1 4.2 1 4.3 

I 4.0 
4.0 
4.2 
4.2 
4.3 
4.5 
4.2 
3.8 
4.2 
4.0 
4.2 
4.1 

1 

I 4.9 

, 4.1 



Pathway-SpsdRc Doses Assoclatd with Routine Alrborne Relesse of Beryfilum (contlnued) 
Denver 
11958 - 19891 - 

Year - 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

~ 

Beef Ingestion 
GM (Cglyear) GSD 

3.2E-07 4.6 
3.3E-07 4.8 
3.9E-07 4.1 
3.2E-07 4.1 
2.6E-07 4.0 
4.3E-07 3.9 
4.2E-07 3.7 
9.7E-07 4.3 
1.1 E-06 4.0 
l. lE-06 3.8 
1.3E-06 3.9 
l. lE-06 4.0 
7.6E-07 3.5 
7.1 E-07 3.7 
4.4E-07 3.6 
6.1 E-07 3.8 
6.7E-07 3.6 
5.1E-07 3.4 
5.4E-07 3.6 
6.OE-07 3.5 
8.2E-07 3.7 
4.9E-07 3.9 
4.9E-07 3.9 
4.3E-07 3.7 
4.7E-07 3.8 
4.2E-07 4.0 
4.1 E-07 3.8 
4.9E-07 3.7 
4.OE-07 4.1 
4.4E-07 3.8 
4.8E-07 3.5 
4.4E-07 3.6 

Inhalation of 
Resuspended Particulates 
GM (ualvear) GSD 

3.8E-09 
8.4E-09 
1.4E-08 
1.7E-08 
2.2E-08 
2.8E-08 
3.3E-08 
4.1 E-08 
5.4E-08 
7.OE-08 
8.2E-08 
9.4E-08 
1.1 E-07 
l. lE-07 
1.1 E-07 
1.1 E-07 
l.lE-07 
1.2E-07 
1.1E-07 
1.2E-07 
1.2E-07 
1.2E-07 
1.2E-07 
1.3E-07 
1.4E-07 
1.3E-07 
1.2E-07 
1.2E-07 
1.2E-07 
1 .2E-07 
1.2E-07 
1.3E-07 

3.4 
2.9 
2.9 
2.7 
2.8 
2.6 
2.7 
2.7 
2.5 
2.5 
2.6 
2.5 
2.7 
2.7 
2.5 
2.6 
2.6 
2.4 
2.5 
2.5 
2.4 
2.5 
2.6 
2.5 
2.4 
2.6 
2.6 
2.5 
2.6 
2.6 
2.4 
2.5 

Total Inhalation 
GM (Irglyear) GSD 

1.5E-05 
1.5E-05 
1.5E-05 
1.1 E-05 
7.2E-06 
1.3E-05 
1.3E-05 
3.5E-05 
3.7E-05 
3.8E-05 
4.6E-05 
2.7E-05 
1.7E-05 
1.3E-05 
1.8E-06 
6.3E-06 
9.OE-06 
4.8E-06 
3.4E-06 
4.3E-06 
1.5E-05 
1.5E-06 
1 .OE-06 
3.5E-07 
2.5E-07 
1.3E-07 
4.2E-07 
6.3E-07 
2.4E-07 
3.4E-07 
2.3E-.07 
6.7E-07 

2.6 
2.6 
2.5 
2.7 
2.5 
2.5 
2.7 
2.6 
2.5 
2.5 
2.7 
2.5 
2.8 
2.3 
2.2 
2.4 
2.5 
2.5 
2.4 
2.4 
2.8 
2.3 
2.3 
2.1 
2.1 
2.6 
2.2 
2.2 
2.1 
2.1 
2.0 
2.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 pg = microgram 

. .  
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Total Ingestion 
GM (Cglyear) GSD 

1 .OE-06 
1.1 E-06 
1.2E-06 
9.1 E-07 
7.1 E-07 
1.2E-06 
1 .2E-06 
2.9E-06 
3.3E-06 
3.1 E-08 
3.9E-06 
2.8E-06 
2.OE-06 
1.8E-06 
8.4E-07 
1.3E-06 
1.5E-06 
l . lE -06  
l.lE-06 
1 .2E-06 
2.OE-06 
9.5E-07 
8.9E-07 
7.8E-07 
8.1 E-07 
7.3E-07 
7.5E-07 
8.4E-07 
7.1 E-07 
7.5E-07 
8.OE-07 
7.9E-07 

3.5 
3.3 
3.0 
3.1 
2.9 
2.9 
2.8 
3.2 
3.0 
2.9 
2.9 
2.8 
2.6 
2.4 
2.5 
2.5 
2.6 
2.4 
2.5 
2.5 
2.6 
2.5 
2.7 
2.6 
2.7 
2.9 
2.6 
2.7 
2.9 
2.8 
2.6 
2.6 

I 



Pathway-Spedfic Dose8 Assodated wlth Routlne AIrbowm Rdeese of Bowilium 
Lskewood 
11958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM Wlyear) GSD 

1.8E-05 2.6 
1.8E-05 2.6 
1.8E-05 2.4 
1.5E-05 2.6 
9.OE-06 2.6 
1.6E-05 2.7 
1.7E-05 2.7 
4.4E-05 2.6 
4.6E-05 2.5 
4.5E-05 2.6 
5.5E-05 2.5 
3.5E-05 2.6 
2.OE-05 2.5 
1.6E-05 2.6 
1.8E-06 2.5 
7.3E-06 2.6 
l.lE-05 2.5 
5.6E-06 2.7 
3.7E-06 2.6 
5.OE-06 2.5 
1.6E-05 2.5 
1.5E-06 2.6 
1.1 E-06 2.4 
2.1 E-07 2.5 
1 .OE-07 2.4 
7.2E-16 2.5 
3.OE-07 2.5 
4.9E-07 2.5 
9.7E-08 2.5 
2.OE-07 2.5 
1 .OE-07 1 2.5 
6.5E-07 2.5 

Soil Ingestion 
GM h l y e e r )  GSD 

4.5E-09 
1 .OE-08 
1.7E-08 
2.3E-08 
2.8E-08 
3.5E-08 
4.OE-08 
5.4E-08 
7.5E-08 
9.1 E-08 
1.2E-07 . 
1.2E-07 
1.2E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.5E-07 
1.3E-07 
1.3E-07 
1.5E-07 
1.5E-07 
1.4E-07 
1.4E-07 
1.5E-07 
1.6E-07 
1.6E-07 
1.6E-07 
1.6E-07 
1.5E-07 
1.5E-07 
1.5E-07 
1.6E-07 

4.3 
3.4 
3.6 
3.6 
3.2 
3.3 
3.3 
3.5 
3.4 
3.2 
3.2 
3.4 
3.5 
3.0 
3.1 
3.2 
3.0 
3.2 
3.3 
3.3 
3.0 
3.2 
3.2 
3.4 
3.2 
3.3 
3.3 
3.4 
3.2 
3.2 
3.4 
3.3 

Vegetable Ingestion 
GM h lyea r )  GSD 

6.1 E-07 3.8 
6.2E-07 3.5 
6.3E-07 3.8 
5.1 E-07 3.5 
3.1 E-07 3.7 
5.4E-07 3.6 
5.5E-07 3.9 
1.4E-06 3.8 
1.6E-06 3.6 
1.5E-06 3.5 
1.9E-06 3.5 
1.2E-06 4.2 
7.3E-07 3.4 
5.5E-07 3.4 
9.9E-08 3.1 
2.8E-07 3.4 
3.9E-07 3.3 
2.2E-07 3.4 
1.5E-07 3.1 
2.OE-07 3.2 
5.7E-07 3.6 
7.6E-08 2.8 
6.7E-08 2.9 
2.9E-08 2.9 
2.3E-08 2.8 
1.5E-08 3.7 
3.4E-08 2.8 
4.4E-08 2.9 
2.1 E-08 3.0 
2.8E-08 2.9 
2.1 E-08 3.0 
4.3E-08 3.0 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 1 
4) pg = microgram 

Wheat Ingestion 
GM h l y e a r )  GSD 

2.9E-10 4.9 
7.6E-10 3.9 
1.2E-09 4.1 
1.4E-09 3.8 
1.8E-09 '3.8 
2.1 E-09 3.7 
2.6E-09 3.8 
3.6E-09 3.6 
4.8E-09 3.6 
5.6E-09 3.7 
7.OE-09 3.5 
7.7E-09 3.4 
7.8E-09 3.8 
9.2E-09 3.7 
9.5E-09 3.6 
9.3E-09 3.7 
8.5E-09 3.4 
9.5E-09 3.7 
9.3E-09 3.7 
1 .OE-08 3.6 
1 .OE-08 3.7 
1.1E-08 3.3 
1 .OE-08 3.4 
1.1 E-08 3.7 
l.lE-08 3.4 
1 .OE-08 3.6 
1.1 E-08 3.5 
1 .OE-08 3.7 
1 .OE-08 3.5 
1 .OE-08 3.7 
1 .OE-08 3.7 
1 .OE-08 3.7 

Milk lngdstion 
GM lpglyear) I GSD 

4.1E-10 
4.3E-10 
5.2E-10 
4.9E-10 
3.6E-10 
5.2E-10 
5.7E-10 
1.3E-09 
1.3E-09 
1.5E-09 
1.7E-09 
1.6E-09 
1.1 E-09 
9.6E-10 
6.OE-10 
7.7E-10 
9.3E-10 
7.2E-10 
7.1E-10 
B.OE-10 
1.1E-09 
6.6E-10 
6.OE-10 
6.5E-10 
5.9E-10 
6.7E-10 
6.7E-10 
6.OE-10 
6.2E-10 
7.1E-10 
6.4E-10 
6.5E-10 

i 
1 
1 

1 
1 

1 
1 

1 

1 

1 
1 

1 

1 
1 
1 

1 
1 

1 

1 
1 
1 1 

~ 

5.2 
4.6 
4.6 
4.2 
4.2 
4.5 
4.3 
4.9 
4.2 
4.1 
4.4 
4.3 
3.8 
4.1 
4.1 
3.7 
4;1 
4.2 
3.9 
3.9 
3.9 
4.2 
3.8 
4.0 
4.0 
4.2 
4.2 
4.1 
4.3 
3.9 
4.2 
4.1 
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Pathway-Speclfic Doses Assoclated wlth Routine Airborne Releese of Beryllium (continued) 
Lakewood 
11958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Beef Ingestion 
GM (velyear) GSD 

3.8E-07 
4.2E-07 
4.7E-07 
4.3E-07 
3.1E-07 
5.3E-07 
5.5E-07 
1.3E-06 
1.3E-06 
1.4E-06 
1.6E-06 
1.2E-06 
9.5E-07 
1 .OE-06 
5.OE-07 
7.5E-07 
8.5E-07 
6.5E-07 
5.7E-07 
7.OE-07 
9.9Ei07 
5.2E-07 
5.5E-07 
5.5E-07 
5.2E-07 
5.OE-07 
5.7E-07 
5.8E-07 
5.9E-07 
5.7E-07 
5.5E-07 
5.6E-07 

4.5 
4.8 
4.5 
4.0 
4.1 
4.1 
4.4 
4.4 
3.9 
4.1 
4.0 
4.3 
3.7 
3.6 
3.7 
3.8 
3.6 
3.9 
3.8 
3.7 
3.5 
3.8 
3.4 
3.8 
4.0 
3.7 
3.9 
3.7 
4.0 
4.1 
4.2 
3.8 

Inhalation of 
Resuspended Particulates 
GM bglyearl GSD 

4.4E-09 3.5 
9.6E-09 2.9 
1.7E-08 2.9 
2.5E-08 2 :8 
2.7E-08 2.7 
3.3E-08 2.6 
4.2E-08 2.5 
5.4E-08 2.7 
7.1 E-08 2.8 
8.5E-08 2.7 
l.lE-07 2.6 
1.2E-07 2.5 
1.2E-07 2.6 

. 1.3E-07 2.6 
1.3E-07 2.5 
1.3E-07 2.5 
1.5E-07 2.5 
1.4E-07 2.5 
1.4E-07 2.5 
1.4E-07 2.6 
1.4E-07 2.4 
1.5E-07 2.4 
1.4E-07 2.4 
1.6E-07 2.6 
1.5E-07 2.7 
1.6E-07 2.5 
1.5E-07 2.6 
1.6E-07 2.5 
1.4E-07 2.5 
1.5E-07 2.6 
1.5E-07 2.5 
1.5E-07 2.5 

Total Inhalation 
GM @/year1 GSD 

1.8E-05 2.6 
1.8E-05 . 2.6 
1.8E-05 2.4 
1.5E-05 2.6 
9.1E-06 . 2.6 
1.6E-05 2.7 
1.7E-05 2.7 
4.4E-05 2.6 
4.5E-05 2.5 
4.5E-05 2.6 
5.6E-05 2.4 
3.5E-05 2.6 
2.1E-05 2.5 
1.7E-05 2.5 
2.1 E-06 2.3 
7.5E-06 2.5 
l. lE-05 2.5 
5.8E-06 2.6 
4.OE-06 2.5 
5.3E-06 2.5 
1.7E-05 2.5 
1.7E-06 2.3 
1.4E-06 2.2 
4.4E-07 2.1 
3.OE-07 2.1 
1.6E-07 2.5 
5.3E-07 2.1 
7.4E-07 2.1 
2.8E-07 2.1 
4.1 E-07 2.1 
2.9E-07 2 .o 
8.9E-07 2.2 

NOTES: 
1) E-01 is the same a8 the velue divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41pg = microgram 

Total Ingestion 
GM h l y e a r l  GSO 

1.2E-06 3.4 
1.3E-06 3.3 
1.5E-06 3.1 
1.3E-06 2.9 
8.8E-07 2.9 

3.1 
1.5E-06 3.2 
3.5E-06 3.1 
3.9E-06 2.9 
4.OE-06 2.9 
4.7E-06 2.8 
3.6E-06 3.1 
2.4E-06 2.6 
2.3E-06 2.6 
1 .OE-06 2.5 
1.6E-06 2.5 
1.9E-06 2.5 
1.4E-06 2.6 
1.2E-06 2.6 
1.5E-06 2.5 
2.3E-06 2.5 
9.8E-07 2.6 
1 .OE-06 2.5 
9.6E-07 2.7 
9.3E-07 2.8 

1 .OE-06 2.7 
1 .OE-06 2.7 
9.8E-07 2.9 
1 .OE-06 2.8 
9.5E-07 3.0 
1 .OE-06 2.7 

1.5E-06 

0.8E-07 2.8 
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Mwsy-Speciffc Doses Assodated wkh Rwtlne Airborne Release of Beryntum 
Longmont 
(1958 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation 
GM @&ear) GSD 

6.7E-06 
6.2E-06 
6.5E-06 
5.5E-06 
3.4E-06 
5.9E-06 
6.OE-06 
1.5E-05 
1.5E-05 
1.6E-05 
1.9E-05 
1.2E-05 
6.9E-06 
5.6E-06 
7.OE-07 
2.5E-06 
3.5E-06 
1.9E-06 
1.6E-06 
1.7E-06 
6.OE-06 
5.8E-07 
3.8E-07 
7.2E-08 
3.3E-08 
2.5E-16 . 
1.1E-07 
1.8E-07 
3.7E-08 
7.3E-08 ~ 

3.6E-08 
2.2E-07 

2.7 
2.7 
2.6 
2.5 
2.7 
2.6 
2.6 
2.6 
2.7 
2.6 
2.6 
2.5 
2.8 
2.5 
2.5 
2.4 
2.5 
2.5 
2.6 
2.4 
2.4 
2.4 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.5 
2.6 
2.5 
2.5 

Soil Ingestion 
GM b l y e a r l  GSD 

1.7E-09 
4.OE-09 
5.6E-09 
8.8E-09 
1 .OE-08 
1.2E-08 
1.3E-08 
2.OE-08 
2.4E-08 
3.1E-08 
3.6E-08 
4.4E-08 
4.OE-08 
4.9E-08 
4.8E-08 
4.6E-08 ' 

5.4E-08 
5.1 E-08 
4.7E-08 

' 5.3E-08 
5.2E-08 
5.5E-08 
5.1 E-08 
4.9E-08 
5.4E-08 
5.5E-08 
5.4E-08 
6.OE-08 
6.1 E-08 
5.3E-08 
5.2E-08 
5.3E-08 

4.6 
3.8 
3.5 
3.5 
3.3 
3.5 
3.4 
3.5 
3.3 
3.4 
3.3 
'3.2 
3.4 
3.2 
3.3 
3.1 
3.2 
3.1 
3.3 
3.3 
3.3 
3.1 
3.3 
3.3 
3.3 
3.4 
3.3 
3.3 
3.3 
3.5 
3.4 
3.2 

Vegetable Ingestion 
GM lpglyearl GSD 

2.2E-07 
2.OE-07 
2.1 E-07 
1.9E-07 
1 ."2E-07 
2.OE-07 
1.9E-07 
5.2E-07 
5.4E-07 
5.6E-07 
6.7E-07 
3.9E-07 
2.6E-07 
1.9E-07 
3.4E-08 
9.6E-08 
1.3E-07 
7.6E-08 
6.5E-08 
6.2E-08 
2.2E-07 
2.8E-08 
2.2E-08 
1 .OE-08 
7.8E-09 
5.2E-09 
1.1E-08 
1.4E-08 
7.5E-09 
8.9E-09 
6.8E-09 
1.6E-08 

3.8 
3.6 
3.7 
3.7 
3.7 

p 3.6 
3.8 
3.7 
3.7 
3.6 
3.5 
3.4 
3.7 
3.5 
3.1 
3.0 
3.3 
3.1 
3.4 
3.2 
3.3 
3.0 
3.2 
2.8 
2.9 
3.7 
3.0 
2.7 
3.0 
2.9 
3.1 
2.9 

NOTES: 
1) E-01 is the same as the value divided by' 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 

1 o f 2  

_. 

Wheat Ingestion 
GM mlyear) GSD 

1 .OE-10 
2.5E-10 
4.OE-10 
5.8E-10 
6.2E-10 
7.9E-10 
8.4E-10 
1.4E-09 
1.8E-09 
2.OE-09 
2.6E-09 
3.OE-09 
2.7E-09 
3.2E-09 
3.3E-09 
3.1 E-09 
3.3E-09 
3.2E-09 
3.6E-09 
3.8E-09 
3.4E-09 
3.4E-09 
3.8E-09 
4.1 E-09 
3.7E-09 
3.8E-09 
3.4E-09 
3.3E-09 
3.4E-09 
3.4E-09 
3.3E-09 
3.7E-09 

4.7 
4.0 
4.0 
4.1 
3.7 
3.6 
3.7 
3.8 
3.7 
3.6 
3.7 
3.4 
3.4 
3.7 
3.8 
.4.0 
3.9 
3.7 
3.6 
3.5 
3.7 
3.7 
3.7 

3.7 
3.5 
3.9 
3.6 
3.5 
3.8 
3.6 
3.6 

3.5- 

Milk Ingeelion 
GM h l y e a r )  i GSD 

1 
1.4E-10 
1.5E-10 
1.7E-10 
1.6E-10 
1 .ZE-10 
1.9E-10 
1.9E-10 
4.1 E-10 
4.7E-10 
5.5E-10 
6.2E-10 
5.1E-10 
3.5E-10 
3.8E-10 
2.1E-10 
2.7E-10 
3.5E-10 
2.7E-10 
2.5E-10 
2.6E-10 
3.7E-10 
2.4E-10 
2.6E-10 
2.1 E-1 0 
2.3E-10 
2.1E-10 
2.3E-10 
2.2E-10 
2.3E-10 
2.OE-10 
2.1E-10 
2.3E-10 

1 
1 

1 
1 
1 

1 
1 

1 
1 

1 
! 

5.3 
5 .O 
5.0 
4.5 
4.6 
4.6 
4.0 
4.9 
4.4 
4.3 
4.5 
4.1 
4.1 
4.3 
4.0 
4.0 
4.0 
3.8 
3.8 
3.9 
4.3 
4.4 
4.2 
4.3 
4.1 
4.3 
4.1 
3.8 
4.2 
4.1 
4.1 
3.9 



Pathway-Specific Doses Assoclated whh AwHne Airborne Release of Beryllium (continued) 
Longmont 
(19S8 - 1989) 

Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Beef Ingestion 
GM fpglyear) GSD 

1.5E-07 4.4 
1.5E-07 4.3 
1.6E-07 4.2 
1.4E-07 4.1 
1.2E-07 3.8 
1.8E-07 4.0 
1.9E-07 4.0 
4.2E-07 4.0 
4.3E-07 4.1 
5.1 E-07 4.1 
6.2E-07 4.1 
4.5E-07 3.9 
3.3E-07 3.9 
3.2E-07 4.1 
1.9E-07 3.6 
2.3E-07 3.7 
3.OE-07 3.8 
2.4E-07 3.7 
2.4E-07 3.8 
2.4E-07 ' 3.6 
3.5E-07 3.7 
2.1 E-07 3.7 
2.2E-07 3.9 
2.OE-07 3.6 
1.7E-07 3.9 
1.7E-07 4.1 
1.9E-07 3.9 
2.1E-07 3.8 
2.OE-07 . 3.8 
1.7E-07 3.9 
1.8E-07 3.8 
2.OE-07 4.0 

Inhalation of 
Resuspended Particulates 
GM Wlyear) GSD 

1.6E-09 3.7 
3.8E-09 3 .O 
5.8E-09 2.8 
8.8E-09 2.8 
9.2E-09 2.6 
1.2E-08 2.7 
1.4E-08 2.7 
2.1 E-08 2.6 
2i5E-08 2.5' 
2.9E-08 2.6 
3.6E-08 2.6 
4.4E-08 2.6 
4.2E-08 2.6 
4.9E-08 2.6 
4.7E-08 2.5 
4.7E-08 2.7 
5.OE-08 2.5 
4.9E:OE 2.6 
5.4E-08 2.6 
5.3E-08 2.6 
5.4E-08 2.5 
5.6E-08 2.4 

' 5.3E-08 2.4 
5.5E-08 2.7 
4.8E-08 ' 2.6 
5.4E-08 2.4 
5.6E-08 2.5 
5.7E-08 2.5 
5.6E-08 2.5 
5.2E-08 2.5 
5.2E-08 2.5 
5.2E-08 2.6 

Total Inhalation 
GM Wlyearl GSD 

6.7E-06 
6.2E-06 
6.5E-06 
5.5E-06 
3.5E-06 
5.9E-06 
6.OE-06 
1.5E-05 
1.5E-05 
1.6E-05 
1.9E-05 
1.2E-05 
7.OE-06 
5.7E-06 
7.9E-07 
2.6E-06 
3.6E-06 
2.OE-06 
1.7E-06 
1.8E-06 
6.1 E-06 
6.8E-07 
4.7E-07 
1.5E-07 
9.4E-08 
5.4E-08 
1.9E-07 
2.6E-07 
1.1 E-07 
1.5E-07 
1 .OE-07 
3.OE-07 

2.7 
2.7 
2.6 
2.5 
2.6 
2.5 
2.6 
2.6 
2.7 
2.6 
2.5 
2.5 
2.7 
2.4 
2.4 
2.4 
2.5 
2.4 
2.4 
2.3 
2.4 
2.2 
2.3 
2.1 
2.2 
2.4 
2.1 
2.0 
2 .o 
2.1 
2.1 
2.2 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) pg = microgram 
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Total Ingestion 
GM (Clglyear) 050 

4.6E-07 
4.4E-07 
4.7E-07 
4.4E-07 
3.3E-07 
5.2E-07 
5.2E-07 
1.2E-06 
1.3E-06 
1.4E-06 
1.7E-06 
1.2E-06 
8.7E-07 
7.8E-07 
3.7E-07 
5.1E-07 
6.6E-07 
5.OE-07 
4.9E-07 
4.9E-07 
8.5E-07 
3.9E-07 
4.OE-07 
3.4E-07 
3.1 E-07 
3.1E-07 
3.4E-07 
3.6E-07 
3.4E-07 
3.1 E-07 
3.2E-07 
3.6E-07 

3.4 
3.3 
3.2 
3.0 , 

2.8 
2.9 
3.1 
3.0 
3-0 
2.9 
2.9 
2.8 
2.8 
2.8 
2.4 
2.5 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.7 
2.7 
2.7 
2.9 
2.7 
2.8 
2.9 
2.7 
2.7 
2.7 



PATHWAY-SPECIFIC DOSES ASSOCIATED 
WITH ROUTINE AIRBORNE RELEASE 

OF VOLATILE SOLVENTS 



Inhalstion Dose Associated wlth Routine Alhomo Relesse of Carbon Tetrschlortde 
11953 - 19891 - 

Year - 
1953-57 

1958 
1959 
1960 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

1961-70 

Sector 1 
GMImglyr) GSD 

7.8E-02 
2.5E-01 
4.3E-01 
6.2E-01 
7.8E-0 1 
7.7E-01 
7.4E-01 
7 .OE-0 1 
7.OE-01 
6.6E-01 
6.6E-01 
6.2E-01 
6.2E-01 
5.9E-01 
5.8E-01 
5.4E-01 
5.4E-01 
5.OE-01 
5 .OE-0 1 
4.7E-01 
4.6E-01 
4.3E-01 
3.9E-01 
3.9E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 2 
GMlmg/yr) GSD 

3.3E-02 
1.1E-01 
1.8E-01 
2.6E-01 
3.3E-01 
3.3E-01 
3.1 E-01 
3.OE-01 
2.9E-01 
2.8E-01 
2.8E-01 
2.6E-01 
2.6E-01 
2.5E-01 
2.4E-01 
2.3E-0 1 
2.3E-0 1 
2.1E-01 
2.1 E-01 
2.OE-01 
1.9E-01 
1.8E-01 
1.6E-01 
1.6E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 3 
GMlmglyr) GSD 

3.OE-02 
9.9E-02 
1 .7E-0 1 
2.4E-01 
3.OE-01 
3.OE-01 
2.9E-01 
2.7E-01 
2.750 1 
2.6E-01 
2.6E-01 
2.4E-01 
2.4E-01 
2.3E-0 1 
2.3E-01 
2.1 E-01 
2.1E-01 
2.OE-01 
2.OE-01 
1.8E-01 
1 .8E-Ol 
1.7E-01 
1.5E-01 
1.5E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 4 
GMlmglyr) GSD 

9.9E-02 
3.2E-01 
5.4E-01 
7.9E-01 
9.9E-01 
9. BE-0 1 
9.4E-0 1 
8.9E-01 
8.9E-0 1 
8.4E-01 
8.4E-01 
7.9E-01 
7.9E:Ol 
7.5E-01 
7.4E-01 
6.9E-0 1 
6.9E-01 
6.4E-01 
6.4E-01 
5.9E-01 
5.9E-01 
5.4E-01 
5.OE-01 
4.9E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
51 yr = year 
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Sector 5 
GMlmglyr) GSD 

3.6E-02 
1.2E-01 
2.OE-01 
2.9E-01 
3.6E-01 
3.6E-01 
3.4E-01 
3.2 E-0 1 
3.2 E-0 1 
3.1 E-01 
3.OE-01 
2.9E-01 
2.9E-0 1 
2.7E-01 
2.7601 
2.5E-01 
2.5E-01 
2.3E-01 
213E-01 
2.2E-0 1 
2.1E-01 
2.OE-01 
1.8E-01 
1.8E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 6 
GMlmglyr) GSD 

1.5E-02 
4.8E-02 
8.2E-02 
1.2E-01 
1.5E-01 
1.5E-01 
1.4E-01 
1.3E-01 
1.3E-01 
1.3E-01 
1.3E-01 
1.2E-01 
1.2E-01 
1.1E-01 
1.lE-01 
1 .OE-01 
1 .OE-01 
9.6E-02 
9.6E-02 
8.9E-02 
8.8E-02 
8.2E-02 
7.5E-02 
7.4E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
.9 
.9 
.9 
.9 
.9 
.9 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 7 
GMlmgEyr) GSD 

1.4E-02 
4.5E-02 
7.6E-02 
l.lE-01 
1.4E-01 
1.4E-01 
1.3E-01 
1.3E-01 
1.2E-01 
1.2E-01 
1.2E-01 
l.lE-01 
1.1E-01 
1 .OE-01 
1 .OE-01 
9.7E-02 
9.6E-02 
9.OE-02 
8.9E-02 
8.3E-02 
8.3E-02 
7.6E-02 
7.OE-02 
6.9E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 8 
GMImglyr) GSD 

4.6E-02 
1.5E-01 
2.5E-0 1 
3.6E-01 
4.6E-01 
4.5E-0 1 
,4.3E-01 
4.1E-01 
4.1 E-01 
3.9E-01 
3.9E-01 
3.7E-01 
3.6E-0 1 
3.4E-01 
3.4E-01 
3.2E-01 
3.2E-01 
3.OE-0 1 
2.9E-01 
2.7E-0 1 
2.7E-01 
2.5E-0 1 
2.3E-01 
2.3E-01 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 



I 

lnhslstton Do- Assodated with Routine Airborne Release of Carbon TetracMorfde (continued) 
(1953 - 1989) - 

Year 

1953-57 
1958 
1959 
1960 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

1961 -70 

- 

Sector 9 
GMImglyr) GSD 

1.8E-02 1.9 
5.8E-02 1.9 
9.8E-02 1.9 
1.4E-01 1.9 
1.8E-01 1.9 
1.8E-01 1.9 
1.7E-01 1.9 
1.6E-01 1.9 
1.6E-01 1.9 
1.5E-01 1.9 
1.5E-01 1.9 
1.4E-01 1.9 
1.4E-01 1.9 
1.3E-01 1.9 
1.3E-01 1.9 
1.3E-01 1.9 
1.2E-01 1.9 
1.2E-01 1.9 
1.2E-01 1.9 
1.1E-01 1.9 
1.lE-01 1.9 
9.8E-02 1.9 
9.OE-02 1.9 
8.9E-02 1.9 

Sector 10 
GM(mglyr) GSD 

7.3E-03 1.9 
2.4E-02 1.9 
4.OE-02 1.9 
5.8E-02 1.9 
7.3E-02 1.9 
7.3E-02 1.9 
6.9E-02 1.9 
6.6E-02 1.9 
6.6E-02 1.9 
6.2E-02 1.9 
6.2E-02 1.9 
5.9E-02 1.9 
5.8E-02 1.9 
5.5E-02 1.9 
5.4E-02 1.9 
5.1E-02 1.9 
5.1E-02 1.9 
4.7E-02 1.9 
4.7E-02 1.9 
4.4E-02 1.9 
4.3E-02 1.9 
4.OE-02 1.9 
3.7E-02 1.9 
3.6E-02 1.9 

Sector 1 1  
GMImglyr) GSD 

6.8E-03 2.0 
2.2E-02 2.0 
3.8E-02 2.0 
5.4E-02 2.0 
6.8E-02 2.0 
6.8E-02 2.0 
6.5E-02 2.0 
6.2E-02 2.0 
6.1E-02 2.0 
5.8E-02 2.0 
5.8E-02 2.0 
5.5E-02 2.0 
5.5E-02 2.0 
5.1E-02 2.0 
5.1E-02 2.0 
4.8E-02 2.0 
4.7E-02 2.0 
4.4E-02 2.0 
4.4E-02 2.0 
4.1E-02 2.0 
4.1E-02 2.0 
3.8E-02 2.0 
3.4E-02 2.0 
3.4E-02 2.0 

Sector 12 
GMlmglyr) GSD 

2.3E-02 1.9 
7.4E-02 1.9 
1.3E-01 1.9 
1.8E-01 1.9 
2.3E-01 1.9 
2.3E-01 1.9 
2.2E-01 1.9 
2.1E-01 1.9 
2.OE-01 1.9 
1.9E-01 1.9 
1.9E-01 1.9 
1.8E-01 1.9 
1.8E-01 1.9 
1.7E-01 1.9 
1.7E-01 1.9 
1.6E-01 1.9 
1.6E-01 1.9 
1.5E-01, 1.9 
1.5E-01 1.9 
1.4E-01 1.9 
1.4E-01 1.9 
1.3E-01 1.9 
l.lE-01 1.9 
l.lE-01 1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 

Denver 
GMlmglyr) GSD 

8.4E-03 2.0 
2.7E-02 2.0 
4.6E-02 2.0 
6.7E-02 2.0 
8.4E-02 2.0 
8.3E-02 2.0 
7.9E-02 2.0 
7.6E-02 2.0 
7.5E-02 2.0 
7.1E-02 2.0 
7.1E-02 2.0 
6.7E-02 2.0 
6.7E-02 2.0 
6.3E-02 2.0 
6.2E-02 2.0 
5.8E-02 2.0 
5.8E-02 2.0 
5.4E-02 2.0 
5.4E-02 2.0 
5.OE-02 2.0 
5.OE-02 2.0 
4.6E-02 2.0 
4.2E-02 2.0 
4.2E-02 2.0 

Lakewood 
GMlmglyr) GSD 

1.OE-02 1.9 
3.3E-02 1.9 
5.7E-02 1.9 
8.2E-02 1.9 
1.OE-01 1.9 
1.OE-01 1.9 
9.8E-02 1.9 
9.3E-02 1.9 
9.3E-02 1.9 
8.8E-02 1.9 
8.8E-02 1.9 
8.3E-02 1.9 
8.2E-02 1.9 
7.8E-02 1.9 
7.7E-02 1.9 
7.2E-02 1.9 
7.2E-02 1.9 
6.7E-02 1.9 
0.7E-02 1.9 
6.2E-02 1.9 
6.1E-02 1.9 
5.7E-02 1.9 
5.2E-02 1.9 
5.2E-02 1.9 

i 
Longmont 

GM(mg/yr) I GSD 
I 

2.9E-02 ! 1.9 
3.7E-02 
3.7E-02 
3.5E-02 
3.3E-02 
3.3E-02 
3.1 E-02 
3.1 E-02 
3.OE-02 
2.9E-02 
2.8E-02 
2.7E-02 
2.6E-02 
2.6E-02 
2.4E-02 
2.4E-02 
2.2E-02 
2.2E-02 
2.OE-02 
1.9E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

1.8E-02 1 1.9 
I 

I 
I 
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Wadon Dose Associated with Rartlne Airborne Rdesse of Chloroform 
(1953 - 1989) 

Year 

1953-74 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
983 
984 
985 
986 
987 
988 
989 

' Sector 1 
GMlmglyr) GSD 

7.3E-02 
7.OE-02 
6.6E-02 
6.2E-02 
5.9E-02 
5.5E-02 
5.1 E-02 
4.8E-02 
4.4E-02 
4.OE-02 
3.7E-02 
3.3E-02 
2.9E-02 
2.6E-02 
2.2E-02 
1.8E-02 

1.9 
.9 
.9 
.9 
.9 
.9 
.9 
;9 
.9 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 2 
GMlmglyr) GSD 

3.1 E-02 
2.9E-02 
2.8E-02 
2.6E-02 
2.5E-02 
2.3E-02 
2.2E-02 
2.OE-02 
1.9E-02 
1.7E-02 
1.5E-02 
1.4E-02 
1.2E-02 
1.1E-02 
9.3E-03 
7.7E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 3 
GMlmglyr) GSD 

2.9E-02 1.9 
2.7E-02 1.9 
2.6E-02 1.9 
2.4E-02 1.9 
2.3E-02 1.9 
2.2E-02 1.9 
2.OE-02 1.9 
1.9E-02 1.9 
1.7E-02 1.9 
1.6E-02 1.9 
1.4E-02 1.9 
1.3E-02 1.9 
1.1E-02 1.9 
1.OE-02 1.9 
8.6E-03 1.9 
7.2E-03 1.9 

Sector 4 
GM(rnglyr1 GSD 

9.3E-02 1.9 
8.9E-02 1.9 
8.4E-02 1.9 
7.9E-02 1.9 
7.5E-02 1.9 
7.OE-02 1.9 
6.5E-02 1.9 
6.1E-02 1.9 
5.6E-02 1.9 
5.1E-02 1.9 
4.7E-02 1.9 
4.2E-02 1.9 
3.7E-02 1.9 
3.3E-02 1.9 
2.8E-02 1.9 
2.3E-02 1.9 

Sector 5 
GM(mg/yr) GSD 

3.4E-02 1.9 
3.2E-02 1.9 
3.OE-02 1.9 
2.9E-02 1.9 
2.7E-02 1.9 
2.5E-02 1.9 
2.4E-02 1.9 
2.2E-02 1.9 
2.OE-02 1.9 
1.9E-02 1.9 
1.7E-02 1.9 
1.5E-02 1.9 
1.4E-02 1.9 
1.2E-02 1.9 
1.OE-02 1.9 
8.5E-03 1.9 

Sector 6 
GM(mg/yr) GSD 

1.4E-02 1.9. 
1.3E-02 1.9 
1.3E-02 1.9 
1.2E-02 1.9 
l.lE-02 1.9 
l.lE-02 1.9 
9.8E-03 1.9 
9.1E-03 1.9 
8.4E-03 1.9 
7.7E-03 1.9 
7.OE-03 1.9 
6.3E-03 1.9 
5.8E-03 1.9 
4.9E-03 1.9 
4.2E-03 1.9 
3.5E-03 1.9 

Sector 7 
GMlmglyr) GSD 

I 

1.3E-02 1.9 
1.2E-02 1.9 
1.2E-02 1.9 
l.lE-02 1.9 
1.OE-02 1.9 
9.8E-03 1.9 
9.2E-03 1.9 
8.5E-03 1.9 
7.9E-03 1.9 
7.2E-03 1.9 
8.5E-03 1.9 
5.9E-03 1.9 
6.2E-03 1.9 
4.6E-03 1.9 
3.9E-03 1.9 
3.3E-03 1.9 

Sector 8 
GM(mg/yr) OS0 

4.3E-02 1.9 
4.1E-02 1.9 
3.9E-02 1.9 
3.7E-02 1.9 

' 3.4E-02 1.9 
3.2E-02 1.9 
3.OE-02 1.9. 
2.8E-02 1.9 
2.6E-02 1.9 
2.4E-02 1.9 
2.2E-02 . 1.9 
1.9E-02 ' 1.9 
1.7E-02 1.9 
1.5E-02 1.9 
1.3E-02 1.9 
1.1E-02 1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 
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hhddon Dose Assdated  with Routine Airborne Release of Chloroform (continued) 
(1 953 - 1989) 

Year 

1953-74 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Sector 9 
GM(mglyr) GSD 

1.7E-02 1.9 
1.6E-02 1.9 
1.5E-02 1.9 
1.4E-02 1.9 
1.4E-02 1.9 
1.3E-02 1.9 
1.2E-02 1.9 
l.lE-02 1.9 
1.OE-02 1.9 
9.3E-03 1.9 
8.4E-03 1.9 
7.6E-03 1.9 
6.8E-03 1.9 
5.9E-03 1.9 
5.1E-03 1.9 
4.2E-03 1.9 

Sector 10 
GMrmglyr) GSD 

6.9E-03 
6.5E-03 
6.2E-03 
5.9E-03 
5.5E-03 
5.2E-03 
4.8E-03 
4.5E-03 
4.1 E-03 
3.8E-03 
3.4E-03 
3.1 E-03 
2.8E-03 
2.4E-03 
2.1 E-03 
1.7E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 11 
GM(mglyr) GSD 

6.4E-03 2.0 
6.1E-03 2.0 
5.8E-03 2.0 
5.5E-03 2.0 
5.2E-03 2.0 
4.8E-03 2.0 
4.5E-03 2.0 
4.2E-03 2.0 
3.9E-03 2.0 
3.5E-03 2.0 
3.2E-03 2.0 
2.9E-03 2.0 
2.6E-03 2.0 
2.3E-03 2.0 
1.9E-03 2.0 
1.6E-03 2.0 

Sector 12 
GMtrnglyr) GSD 

2.1 E-02 
2.OE-02 
1.9E-02 
1.8E-02 
1.7E-02 
1.6E-02 
1.5E-02 
1.4E-02 
1.3E-02 
1.2E-02 
l.lE-02 
9.7E-03 
8.6E-03 
7.5E-03 
6.4E-03 
5.4E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
51 yr = year 

Denver 
GMtrnglyr) GSD 

7.9E-03 
7.5E-03 
7.1 E-03 
6.7E-03 
6.3E-03 
5.9E-03 
5.5E-03 
5.1E-03 
4.7E-03 
4.3E-03 
3.9E-03 
3.6E-03 
3.2E-03 
2.8E-03 
2.4E-03 
2.OE-03 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Lakewood 
GM(mglyr) GSD 

9.7E-03 1.9 
9.2E-03 1.9 
8.8E-03 1.9 
8.3E-03 1.9 
7.8E-03 1.9 
7.3E-03 1.9 
6.8E-03 1.9 
6.3E-03 1.9 
5.8E-03 1.9 
5.4E-03 1.9 
4.9E-03 1.9 
4.4E-03 1.9 
3.9E-03 1.9 
3.4E-03 1.9 
2.9E-03 1.9 
2.4E-03 1.9 

Longn 
GM(mglyr; - 

3.5E-03 
3.3E-03 
3.1 E-03 
3.OE-03 
2.8E-03 
2.6E-03 
2.4E-03 
2.3E-03 
2.1E-03 
1.9E-03 
1.7E-03 
1.6E-03 
1.4E-03 
1.2E-03 
1 .OE-03 
8.7E-04 

- 
nt 

GSD 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

- 

- 
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hrhdation Dose Assoclated wlth R d n e  Alrbome Rdeme of Methylene Chloride 
11953 - 1989) - 

Year - 
1953-74 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Sector 1 
GMfmglyr) GSD 

6.7E-02 1.9 
6.3E-02 1.9 
6.2E-02 1.9 
5.8E-02 1.9 
5.3E-02 1.9 
5.3E-02 1.9 
4.9E-02 1.9 
4.4E-02 1.9 
4.3E-02 1.9 
3.9E-02 1.9 
3.6E-02 1.9 
3.3E-02 1.9 
3.OE-02 1.9 
2.7E-02 1.9 
2.4E-02 1.9 
2.1E-02 1.9 

Sector 2 
GMlmglyr) GSD 

2.8E-02 1.9 
2.6E-02 1.9 
2.6E-02 1.9 
2.4E-02 1.9 
2.2E-02 1.9 
2.2E-02 1.9 
2.OE-02 1.9 
1.9E-02 1.9 
1.8E-02 1.9 
1.6E-02 1.9 
1.5E-02 1.9 
1.4E-02 1.9 
1.3E-02 1.9 
l.lE-02 1.9 
1.OE-02 1.9 
8.6E-03 1.9 

Sector 3 
GMlrnglyr) GSD' 

2.6E-02 1.9 
2.5E-02 1.9 
2.4E-02 1.9 
2.3E-02 1.9 
2.1E-02 1.9 
2.1E-02 1.9 
1.9E-02 1.9 
1.7E-02 1.9 
1.7E-02 1.9 
1.5E-02 1.9 
1.4E-02 1.9 
1.3E-02 1.9 
1.2E-02 1.9 
1.OE-02 1.9 
9.3E-03 1.9 
8.OE-03 1.9 

Sector 4 
GMlmglyrl GSD 

a.6~-02 1.9 
8.OE-02 1.9 
7.9E-02 1.9 
7.4E-02 1.9 
6.8E-02 1.9 
6.7E-02 1.9 
6.2E-02 1.9 
5.6E-02 1.9 
5.4E-02 1.9 
5.OE-02 1.9 
4.6E-02 1.9 
4.2E-02 1.9 
3.8E-02 1.9 
3.4E-02 1.9 
3.OE-02 1.9 
2.6E-02 1.9 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 

Y 
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~~ 

Sector 5 
GMfmglyr) GSD 

3.1E-02 1.9 
2.9E-02 1.9 
2.9E-02 1.9 
2.7E-02 1.9 
2.5E-02 1.9 
2.4E-02 1.9 
2.2E-02 1.9 
2.OE-02 1.9 
2.OE-02 1.9 
1.8E-02 1.9 
1.7E-02 1.9 
1.5E-02 1.9 
1.4E-02 1.9 
1.2E-02 1.9 
1.1E-02 1.9 
9.5E-03 1.9 

~ ~~~~ 

Sector 6 
GMfmglyr) GSD 

1.3E-02 1.9 
1.2E-02 1.9 
1.2E-02 1.9 
l.lE-02 1.9 
1.OE-02 1.9 
1.OE-02 1.9 
9.3E-03 1.9 
8.4E-03 1.9 
8.1E-03 1.9 
7.5E-03 1.9 
6.8E-03 1.9 
6.3E-03 1.9 
5.7E-03 1.9 
5.1E-03 1.9 
4.5E-03 1.9 
3.9E-03 1.9 

Sector 7 
GMlmglyr) GSD 

1.2E-02 1.9 
l.lE-02 1.9 
1.1E-02 1.9 
1.OE-02 1.9 
9.5E-03 1.9 
9.5E-03 , 1.9 
8.7E-03 1.9 
7.9E-03 1.9 
7.6E-03 1.9 
7.OE-03 1.9 
6.4E-03 1.9 
5.9E-03 1.9 
5.3E-03 1.9 
4.7E-03 1.9 
4.2E-03 1.9 
3.7E-03 1.9 

Sector 8 
GMlmglyr) OS0 

3.9E-02 1.9 
3.7E-02 1.9 
3.7E-02 1.9 
3.4E-02 1.9 
3.1E-02 1.9 
3.1E-02 1.9 
2.8E-02 1.9 
2.6E-02 1.9 
2.5E-02 1.9 
2.3E-02 1.9 
2.1E-02 1.9 
2.OE-02 1.9 
1.8E-02 1.9 
1.6E-02 1.9 
1.4E-02 1.9 
1.2E-02 1.9 
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l nhddon Dose Assodated with Rwtine Airborne Release of Tetrachloroethylene 
(1963 - 1989) - 

Year 

1953-61 
1962 
1963 
1964 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

1965. 

1978-89 

Sector 1 
GM(mglyr) GSD 

1.7E+00 
1.5E+00 
1.3E+00 
l . l E + O O  
8.3E-01 
6.OE-01 
5.4E-0 1 
4.9E-01 
4.4E-01 
3.8E-01 
3.3E-0 1 
2.8E-01 
2.3E-01 
1 .7E-0 1 
1.2E-01 
6.4E-02 
1 .OE-02 
1 .OE-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 2 
GM(mglyrt GSD 

7.3E-01 1.9 
6.4E-01 1.9 
5.4E-01 1.9 
4.4E-01 1.9 
3.5E-01 1.9 
2.5E-01 1.9 
2.3E-01 1.9 
2.1E-01 1.9 
1.8E-01 1.9 
1.6E-01 1.9 
1.4E-01 1.9 
1.2E-01 1.9 
9.5E-02 1.9 
7.2E-02 1.9 
5.OE-02 1.9 
2.7E-02 1.9 
4.4E-03 1.9 
4.4E-03 1.9 

Sector.3 
GMImglyr) GSD 

6.8E-01 1.9 
5.9E-01 1.9 
5.OE-01 1.9 
4.1E-01 1.9 
3.2E-01 1.9 
2.3E-01 1.9 
2.1E-01 1.9 
1.9E-01 1.9 
1.7E-01 1.9 
1.5E-01 1.9 
1.3E-01 1.9 
1.lE-01 1.9 
8.8E-02 1.9 
6.7E-02 1.9 
4.6E-02 1.9 
2.5E-02 1.9 
4.1E-03 1.9 
4.1E-03 1.9 

Sector 4 
GWmglyr) GSD 

2.2E +00 
1.9E+00 
1.6E+00 
1.3E+00 
1.1 E + 00 
7.6E-01 
6.9E-01 
6,2E-01 
5.6E-01 
4.9E-01 
4.2E-01 
3.6E-01 
2.9E-01 
2.2E-0 1 
1.5E-01 
8.2E-02 
1.3E-02 
1.3E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 
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Sector 5 
GM(mglyr1 GSD 

8.OE-01 1.9 
7.OE-01 1.9 
5.9E-01 1.9 
4.9E-01 1.9 
3.8E-01 1.9 
2.8E-01 1.9 
2.5E-01 1.9 
2.3E-01 1.9 
2.OE-01 1.9 
1.8E-01 1.9 
1.5E-01 1.9 
1.3E-01 1.9 
1.OE-01 1.9 
7.9E-02 1.9 
5.4E-02 1.9 
3.OE-02 1.9 
4.8E-03 1.9 
4.8E-03 1.9 

Sector 6 
GMknglyr) GSD 

3.3E-01 1.9 
2.9E-01 1.9 
2.5E-01 1.9 
2.OE-01 1.9 

. 1.6E-01 1.9 
l.1E-01 1.9 
1.OE-01 1.9 
9.3E-02 1.9 
8.4E-02 1.9 
7.3E-02 1.9 
6.3E-02 1.9 
5.3E-02 , 1.9 
4.3E-02 1.9 
3.3E-02 1.9 
2.3E-02 1.9 
1.2E-02 1.9 
2.OE-03 1.9 
2.OE-03 1.9 

Sector 7 
GM(mglyr) GSD 

3.1E-01 1.9 
2.7E-01 1.9 
2.3E-01 1.9 
1.9E-01 1.9 
1.5E-01 1.9 
1.lE-01 1.9 
9.7E-02 1.9 
8.7E-02 1.9 
7.8E-02 1.9 
6.8E-02 
5.9E-02 
5.OE-02 
4.OE-02 
3.1 E-02 
2.1E-02 
1.1E-02 
1.9E-03 

.9 

.9 

.9 

.9 

.9 

.9 

.9 

.9 
1.9E-03 1.9 

Sector 8 
GM(mglyr) GSD 

l .OE+OO 1.9 
8.9E-01 1.9 
7.5E-01 1.9 
6.2E-01 1.9 
4.9E-01 1.9 
3.5E-01 1.9 
3.2E-01 1.9 
2.9E-01 1.9 
2.6E-01 1.9 
2.3E-01 1.9 
1.9E-01 1.9 
1.6E-01 1.9 
1.3E-01 1.9 
1.OE-01 1.9 
6.9E-02 1.9 
3.8E-02 1.9 
6.1E-03 1.9 
6.1E-03 1.9 



Inhalaion Dose Associated with R d n e  Airborne Release of Tetrachloroethylene (continued) 
(1 953 - 1989) - 

Year 

1953-61 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

1978-89 

~~ 

Sector 9 
GM(mg/yr) GSD 

4.OE-01 1.9 
3.5E-01 1.9 
3.OE-01 1.9 
2.4E-01 1.9 
1.9E-01 1.9 
1.4E-01 1.9 
1.2E-01 1.9 
l . l E - 0 1  1.9 
1.OE-01 1.9 
8.8E-02 1.9 
7.6E-02 1.9 
6.4E-02 1.9 
5.2E-02 1.9 
4.OE-02 1.9 
2.7E-02 1.9 
1.5E-02 1.9 
2.4E-03 1.9 
2.4E-03 1.9 

Sector 10 
GMimglyr) GSD 

1.6E-01 1.9 
1.4E-01 1.9 
1.2E-01 1.9 
9.9E-02 1.9 
7.8E-02 1.9 
5.6E-02 1.9 
5.1E-02 1.9 
4.6E-02 1.9 
4.1E-02 1.9 
3.6E-02 1.9 
3.1E-02 1.9 
2.6E-02 1.9 
2.1E-02 1.9 
1.6E-02 1.9 
l.lE-02 1.9 
6.OE-03 1.9 
9.8E-04 1.9 
9.8E-04 1.9 

Sector 11 
GM(mg/yr) GSD 

1.5E-01 2.0 
1.3E-01 2.0 
l.lE-01 2.0 
9.3E-02 2.0 
7.3E-02 2.0 
5.2E-02 2.0 
4.8E-02 2.0 
4.3E-02 2.0 
3.8E-02 2.0 
3.4E-02 2.0 
2.9E-02 2.0 
2.5E-02 2.0 
2.OE-02 2.0 
1.5E-02 2.0 
1.OE-02 2.0 
5.6E-03 2.0 
9.2E-04 2.0 
9.2E-04 2.0 

Sector 12 
GM(mg/yr) GSD 

5.1E-01 1.9 
4.4E-01 1.9 
3.8E-01 1.9 
3.1E-01 1.9 
2.4E-01 1.9 
1.7E-01 1.9 
1.6E-01 1.9 

1.9 1.4E-01 
1.3E-01 1.9 
l.lE-01 1.9 
9.6E-02 1.9 
8.2E-02 1.9 
6.6E-02 1.9 
5.OE-02 1.9 
3.5E-02 1.9 
1.9E-02 1.9 
3.1E-03 1.9 
3.1E-03 1.9 

Denver 
GM(mg/yr) GSD 

1.9E-01 2.0 
1.6E-01 2.0 
1.4E-01 2.0 
l.lE-01 2.0 
8.9E-02 2.0 
6.4E-02 2.0 
5.8E-02 2.0 
5.2E-02 2.0 
4.7E-02 2.0 
4.1E-02 2.0 
3.5E-02 2.0 
3.OE-02 2.0 
2.4E-02 2.0 
1.8E-02 2.0 
1.3E-02 2.0 
6.9E-03 2.0 
l.lE-03 2.0 
l.lE-03 2.0 

Lakewood 
GM(mg/yr) GSD 

2.3E-01 1.9 
2.OE-01 1.9 
1.7E-01 1.9 
1.4E-01 1.9 
l.1E-01 1.9 
7.9E-02 1.9 
7.2E-02 1.9 
6.5E-02 1.9 
5.8E-02 1.9 
5.1E-02 1.9 
4.4E-02 1.9 
3.7E-02 1.9 
3.OE-02 1.9 
2.3E-02 1.9 
1.6E-02 1.9 
8.5E-03 1.9 
1.4E-03 1.9 
1.4E-03 1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean .. 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 
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Longmont 
GM(mg/yr) 

8.2E-02 
7.2E-02 
6.1 E-02 
5.OE-02 
3.9E-02 
2.8E-02 
2.6E-02. 
2.3E-02 
2.1 E-02 
1.8E-02 
1.6E-02 
1.3E-02 
1.1E-02 
8.1 E-03 
5.6E-03 
3.OE-03 
4.9E-04 
4.9E-04 

1.9 

1.9 

11.9 
1.9 

11.9 

11.9 

j1.9 
;1.9 

11.9 
11.9 
'1.9 
1.9 

i1.9 

11.9 

I ::t 
1.9 

'1.9 

I 



lnhaldon Dose Assodated rrfth R d n e  Alrbome Release of 1 , 1 , 1 -TdcMoroethane 
(1963 - 1989) 

Year 

1953-57 
1958 
1959 
1960 , 

1961 
1962 

1974 

1985 
1986 
1987 

1989 

1963-73 

1975-84 

i 988 

- 

Sector 1 
GMlmglyr) GSD 

2.5E-02 1.9 
'8.6E-02 1.9 
1.5E-01 1.9 
2.lE-01 1.9 
2.7E-01 1.9 
3.4E-01 1.9 
4.OE-01 1.9 
6.OE-01 1.9 
8.OE-01 1.9 
7.2E-01 1.9 

. 6.2E-01 1.9 
5.3E-01 1.9 
4.4E-01 1.9 
3.5E-01 1.9 

Sector 2 
GMImglyr) GSD 

1.OE-02 1.9 
3.6E-02 1.9 
6.2E-02 1.9 
'8.8E-02 1.9 
1.2E-01 1.9 
1.4E-01 1.9 
1.7E-01 1.9 
2.5E-01 1.9 
3.3E-01 1.9 
3.OE-01 1.9 
2.6E-01 1.9 
2.2E-01 1.9 
1.8E-01 1.9 
1.5E-01 1.9 

Sector 3 
GMImglyr) GSD 

9.7E-03 1.9 
3.4E-02 1.9 
5.8E-02 1.9 
8.2E-02 1.9 
l.lE-01 1.9 
1.3E-01 1.9 
1.6E-01 1.9 
2.3E-01 1.9 
3.1E-01 1.9 
2.8E-01 1.9 
2.4E-01 1.9 
2.1E-01 1.9 
1.7E-01 1.9 
1.4E-01 1.9 

~ ~~ 

Sector 4 
GMlmglyr) GSD 

3.2E-02 1.9 
1.1E-01 1.9 
1.9E-01 1.9 
2.7E-01 1.9 
3.5E-01 1.9 
4.3E-01 1.9 
5.1E-01 1.9 
7.6E-01 1.9 
l .OE+OO 1.9 
9.1E-01 1.9 
7.9E-01 1.9 
6.7E-01 1.9 
5.6E-01 1.9 
4.4E-01 1.9 

NOTES: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Devietion 
4) mg = milligrams 
5) yr = year 

~~ 

Sector 5 
GMlmglyr) GSD 

1.1E-02 1.9 
4.OE-02 1.9 
6.8E-02 1.9 
9.7E-02 1.9 
1.3E-01 1.9 
1.6E-01 1.9 
1.8E-01 1.9 
2.8E-01 1.9 
3.7E-01 1.9 
3.3E-01 1.9 
2.8E-01 1.9 
2.4E-01 1.9 
2.OE-01 1.9 
1.6E-01 1.9 
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Sector 6 
GMlmglyr) . GSD 

4.8E-03 1.9 
1.6E-02 1.9 
2.8E-02 1.9 
4.OE-02 1.9 
5.2E-02 1.9 
6.5E-02 . 1.9 
7.6E-02 1.9 
l . l E - 0 1  1.9 
1.5E-01 1.9 
1.4E-01 1.9 
1.2E-01 1.9 
1.OE-01 1.9 
8.4E-02 1.9 
6.7E-02 1.9 

Sector 7 
GMlmglyr) GSD 

4.4E-03 1.9 
1.5E-02 1.9 
2.6E-02 1.9 
3.7E-02 1.9 
4.9E-02 1.9 
6.OE-02 1.9 
7.1E-02 1.9 
1.1E-01 1.9 
1.4E-01 1.9 
1.3E-01 1.9 
l.lE-01 1.9 
9.4E-02 1.9 
7.8E-02 1.9 
6.2E-02 1.9 

Sector 8 
GMfmglyr) GSD 

1.5E-02 1.9 
6.1E-02 1.9 
8.7E-02 1.9 
1.2E-01 1.9 
l.6E-01 1.9 
2.OE-01 1.9 
2.3E-01 1.9 
3.5E-01 1.9 
4.7E-01 1.9 
4.2E-01 1.9 
3.6E-01 1.9 
3.1E-01 1.9 
2.6E-01 1.9 
2.OE-01 1.9 



Inhalation Dose Associated with Routine Airborne Release of 1 ,l ,l -Trichloroethane (continued) 
11953 - 19891 

Year 

1953-57 
1958 
1959 
1960 
1961 
1962 

1963-73 
1974 

1975-84 
1985 
1986 
1987 
1988 
1989 - 

Sector 9 
GMlmglyrl GSD 

5.7E-03 1.9 
2.OE-02 1.9 
3.4E-02 1.9 
4.8E-02 1.9 
6.3E-02 1.9 
7.8E-02 1.9 
9.2E-02 1.9 
1.4E-01 1.9 
1.8E-01 1.9 
1.6E-01 1.9 
1.4E-01 1.9 
1.2E-01 1.9 
1.OE-01 1.9 
8.OE-02 1.9 

Sector 10 
GMlmglyrl GSD 

2.36-03 1.9 
8.1E-03 1.9 
1.4E-02 1.9 
2.OE-02 1.9 
2.6E-02 1.9 
3.2E-02 1.9 
3.7E-02 1.9 
5.6E-02 1.9 
7.5E-02 1.9 
6.7E-02 1.9 
5.8E-02 1.9 
5.OE-02 1.9 
4.1E-02 1.9 
3.3E-02 1.9 

Sector 11 
GMlmglyr) GSD 

2.2E-03 2.0 
7.6E-03 2.0 
1.3E-02 2.0 
1.8E-02 2.0 
2.4E-02 2.0 
3.OE-02 2.0 
3.5E-02 2.0 
5.2E-02 2.0 
7.OE-02 2.0 
6.3E-02 2.0 
5.4E-02 2.0 
4.6E-02 2.0 
3.8E-02 2.0 
3.1E-02 2.0 

Sector 12 
GMlmglyr) GSD 

7.3E-03 1.9 
2.5E-02 1.9 
4.3E-02 1.9 
6.1E-02 1.9 
8.OE-02 1.9 
9.9E-02 1.9 
1.2E-01 1.9 
1.7E-01 1.9 
2.3E-01 1.9 
2.1 E-01  1.9 
1.8E-01 1.9 
1.5E-01 1.9 
1.3E-01 1.9 
1 .OE-01 1.9 

NOTES: 
1.) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
41 mg = milligrams 
5) yr = year 

b 

Denver 
GMlmglyr) GSD 

2.7E-03 2.0 
9.3E-03 2.0 
1.6E-02 2.0 
2.2E-02 2.0 
2.9E-02 2.0 
3.6E-02 2.0 
4.3E-02 2.0 
6.4E-02 2.0 
8.6E-02 2.0 
7.7E-02 2.0 
6.6E-02 2.0 
5.7E-02 2.0 
4.7E-02 2.0 
3.7E-02 2.0 

Lakewood 
GMlmglyr) GSD 

3.3E-03 1.9 
l.lE-02 1.9 
2.OE-02 1.9 
2.8E-02 1.9 
3.6E-02 1.9 
4.5E-02 1.9 
5.3E-02 1.9 
7.9E-02 1.9 
l . lE-01 1.9 
9.5E-02 1.9 
8.2E-02 1.9 
7.OE-02 1.9 
5.8E-02 1.9 
4.6E-02 1.9 

Longmon 
GM(mglyr) 

1.2E-03 
4.1 E-03 
7.OE-03 
9.9E-03 
1.3E-02 
1.6E-02 
1.9E-02 
2.8E-02 
3.8E-02 
3.4E-02 
2.9E-02 
2.5E-02 
2.1 E-02 
1.6E-02 

- 
SSD 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

- 

- 
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Inhalation Dose isocis 
I1 953 - 1989) 

sd with Routine Airborne Rele e of Trichloroethylene 

- 
Year - 

1953-62 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983' 
1984 
1985 
1986 
1987 
1988 
1989 

7 

Sector 1 
GMlmglyr) GSD 

1.2E+00 
1.2E+00 
l . l E + O O  
l.lE+OO 
l .OE+OO 
9.5E-01 
8.9E-01 
8.3E-01 
7.7E-01 
7.2E-01 
6.6E-01 
6.OE-01 

. 3.8E-01 
1.5E-01 
1.4E-01 
1.3E-01 
1 .2E-Ol 
1.1E-01 
1 .OE-01 
9.6E-02 
8.5E-02 
7.3E-02 
6.7E-02 
5.7E-02 
4.8E-02 
3.8E-02 
2.9E-02 
2.OE-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 2 
GMlrnglyr) GSD 

5.2E-01 
5.OE-01 
4.7E-01 
4.5E-01 
4.2E-01 
4.OE-01 
3.7E-0 1 
3.5E-0 1 
3.2E-01 
3.OE-01 
2.8E-01 
2.5E-01 
1.6E-01 
6.3E-02 
5.8E-02 
5.5E-02 
5.OE-02 
4.8E-02 
4.3E-02 
4.OE-02 
3.6E-02 
3.1 E-02 
2.8E-02 
2.4E-02 
2.OE-02 
1.6E-02 
1.2E-02 
8.4E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

4.9E-01 
4.6E-01 
4.4E-01 
4.2E-01 
4.OE-01 
3.7E-01 
3.5E-01 
3.3E-01 
3.OE-01 
2.8E-01 
2.6E-01 
2.3E-01 
1.5E-01 
5.8E-02 
5.4E-02 
5.1 E-02 
4.7E-02 
4.5E-02 
4.OE-02 
3.8E-02 
3.3E-02 
2.9E-02 
2.6E-02 
2.2E-02 
1.9E-02 
1.5E-02 
1.1 E-02 
7.8E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 4 
GMhglyr)  GSD 

1.6E + 00 
1.5E+00 
1.4E+00 
1.4€+00 
1.3E+00 
1.2E+00 
1.1 E + 00 
1.1 E + 00 
9.8E-01 
9.1 E-01 
8.4E-01 
7.6E-01 
4.8E-01 
1.9E-01 
1.8E-01 
1.7E-01 
1.5E-01 
1.5E-01 
1.3E-01 
1.2E-01 
l . lE-01 
9.3E-02 
8.5E-02 
7.2E-02 
6.1 E-02 
4.9E-02 
3.7E-02 
2.5E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) G M  = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) mg = milligrams 
5) yr = year 

Sector 5 
GMlmglyr) GSD 

5.7E-01 
5.5E-0 1 
5.2E-01 
4.9E-01 
4.7E-01 
4.4E-01 
4.1E-01 
3.8E-01 
3.6E-01 
3.3E-01 
3.OE-01 
2.8E-01 
1.7E-01 
6.9E-02 
6.4E-02 
6.1 E-02 
5.5E-02 
5.3E-02 
4.7E-02 
4.4E-02 
3.9E-02 
3.4E-02 
3.1 E-02 
2.6E-02 
2.2E-02 
1.8E-02 
1.4E-02 
9.2 E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 6 
GMbnglyrl GSD 

2.4E-01 
2.3E-01 
2.1 E-01 
2.OE-01 
1.9E-01 
1 .8E-Ol 
1.7E-01 
1.6E-01 
1.5E-01 
1.4E-01 
1.3E-01 
l . lE-01 
7.2E-02 
2.9E-02 
2.6E-02 
2.5E-02 
2.3E-02 
2.2E-02 
2.OE-02 
1.8E-02 
1.6E-02 
1.4E-02 
1.3E-02 
l . lE-02 
9.1E-03 
7.3E-03 
5.6E-03 
3.8E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 7 
GMtmglyrI GSD 

2.2E-01 
2.1 E-01 
2.OE-01 
1.9E-01 
1.8E-01 
1.7E-01 
1.6E-01 
1.5E-01 
1.4E-01 
1.3E-01 
1 .2E-Ol 

. 1.1E-01 
6.7E-02 
2.7E-02 
2.5E-02 
2.3E-02 
2.1E-02 
2.OE-02 
1.8E-02 
1.7E-02 
1.5E-02 
1.3E-02 
1.2E-02 
1 .OE-02 
8.5E-03 
6.8E-03 
5.2E-03 
3.6E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
l .9  
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 8 
GMhglyr I  GSD 

7.3E-01 
7.OE-01 
6.6E-01 
6.3E-01 
5.9E-01 
5.6E-01 
5.2E-01 
4.9E-01 

, 4.5E-01 
4.2E-01 
3.9E-01 
3.5E-01 
2.2E-01 
8.8E-02 
8.1 E-02 
7.7E-02 
7.OE-02 
6.7E-02 
6.OE-02 
5.6E-02 
5.OE-02 
4.3E-02 
3.9E-02 
3.3E-02 
2.8E-02 
2.3E-02 
1.7E-02 
1.2E-02 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
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--- HI- 

Inhalation Dose Associated with Routine Airborne Release of Trichloroethylene (continued) 
(1953 - 1989) - 

Year 

1953-62 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972' 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Sector 9 
GWmglyr) GSD 

2.9E-01 
2.7E-0 1 
2.6E-01 
2.5E-0 1 
2.3E-01 
2.2E-01 
2.1E-01 
1.9E-01 
1.8E-01 
1.6E-01 
1.5E-01 
1.4E-01 
8.7E-02 
3.4E-02 
3.2E-02 
3.OE-02 
2.8E-02 
2.6E-02 
2.4E-02 
2.2E-02 
1.9E-02 
1.7E-02 
1.5E-02 
1.3E-02 
1.1 E-02 
8.8E-03 
6.8E-03 
4.6E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 10 
GMlmglyr) GSD 

1.2E-01 
1.1 E-01 
l . lE-01 
1 .OE-01 
9.5E-02 
8.9E-02 
8.4E-02 
7.8E-02 
7.2E-02 
6.7E-02 
6.2E-02 
5.6E-02 
3.6E-02 
1.4E-02 
1.3E-02 
1.2E-02 
1.1 E-02 
l . lE-02 
9.6E-03 
9.OE-03 
7.9E-03 
6.9E-03 
6.3E-03 
5.3E-03 
4.5E-03 
3.6E-03 
2.8E-03 
1.9E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

Sector 11 
GMlrnglyr) GSD 

l . lE-01 
1 .OE-01 
9.9E-02 
9.4E-02 
8.9E-02 
8.4E-02 
7.8E-02 
7.3E-02 
6.8E-02 
6.3E-02 
5.8E-02 
5.2E-02 
3.3E-02 
1.3E-02 
1.2E-02 
1.2E-02 
l . lE-02 
1 .OE-02 
9.OE-03 
8.4E-03 
7.4E-03 
6.4E-03 
5.9E-03 
5.OE-03 
4.2E-03 
3.4E-03 
2.6E-03 
1.7E-03 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2 .o 

Sector 12 
GM(rnglyr) GSD 

3.6E-01 
3.5E-01 
3.3E-0 1 
3.1E-01 
3.OE-01 
2.8E-01 
2.6E-01 
2.4E-01 
2.3E-0 1 
2.1E-01 
1.9E-01 
1.7E-01 
1.1E-01 
4.4E-02 
4.OE-02 
3.8E-02 
3.5E-02 
3.3E-02 
3.OE-02 
2.8E-02 
2.5E-02 
2.1 E-02 
2.OE-02 
1.7E-02 
1.4E-02 
1.1 E-02 
8.6E-03 
5.8E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) mg = milligrams 

Denver 
GMlrnglyr) GSD 

1.3E-01 
1.3E-01 
1.2E-01 
1.2E-01 
l.1E-01 
1 .OE-01 
9.6E-02 
8.9E-02 
8.3E-02 
7.7E-02 
7.1 E-02 
6.4E-02 
4.1 E-02 
1.6E-02 
1.5E-02 
1.4E-02 
1.3E-02 
1.2E-02 
1 .l E-02 
1 .OE-02 
9.1 E-03 
7.9E-03 
7.2E-03 
6.1 E-03 
5.1 E-03 
4.1 E-03 
3.2E-03 
2.1E-03 

2 .o 
2.0 
2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2;o 
2 .o 
2.0 
2 .o 
2 .o 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

5) yr = year 
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Lakewood 
GM(mglyr) GSD 

1.7E-01 
1.6E-01 
1.5E-01 
1.4E-01 
1.3E-01 
1.3E-01 
1.2E-01 
1.1E-01 
1 .OE-01 
9.5E-02 
8.7E-02 
7.9E-02 
5.OE-02 
2.OE-02 
1.8E-02 
1.7E-02 
1.6E-02 
1.5E-02 
1.4E-02 
1.3E-02 
l . lE-02 
9.7E-03 
8.8E-03 
7.5E-03 
6.3E-03 
5.1 E-03 
3.9E-03 
2.6E-03 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

1 
Longmont 

GMhglyr) 

5.9E-02 
5.6E-02 
5.3E-02 
5.1 E-02 
4.8E-02 
4.5E-02 
4.2E-02 
3.9E-02 

GSD 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

- 

3.7E-02 , 1.9 
3.4E-02 1.9 
3.1E-02 j 1.9 
2.8E-02 1.9 
1.8E-02 I 1.9 
7.1E-03 1 1.9 
6.5E-03 ! 1.9 
6.2E-03 
5.7E-03 
5.4E-03 
4.9E-03 
4.5E-03 
4.OE-03 
3.5E-03 
3.2E-03 
2.7E-03 
2.3E-03 
1.8E-03 
1.4E-03 
9.4E-04 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 



INHALATION DOSES ASSOCIATED WITH 
AIRBORNE RELEASES OF PLUTONIUM-239/240 AND 

AMERICIUM-241 FROM THE 1957 AND 1969 FmES 



Inhalation Dose Associated with Airborne Release of Plutonium-239/240 During the 1957 Fire 

Location 

Plume A - 3 miles 
Plume A - 5 miles 
Plume A - 8 miles 
Plume B - 3 miles 
Plume B - 5 miles 
Plume B - 8 miles 

Denver 
Lakewood 
Longmont 

Inhalation Dose 
GM (Sv) GSD 

1.8E-05 6.2 
1.5E-05 6.2 
1.2E-05 6.2 
9.4E-06 6.2 
5.5E-06 6.2 
2.8E-06 6.2 
5.1 E-07 6.2 
2.5E-09 6.2 

NA NA 

Notes: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
5) NA = Not Applicable 

. 

I 
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Inhalation Dose Associated with Airborne Release of Americium-241 During the 1957 Fire 

Location 

~ 

Plume A - 3 miles 
Plume A - 5 miles 
Plume A - 8 miles 
Plume B - 3 miles 
Plume B - 5 miles 
Plume B - 8 miles 

. Denver 
Lakewood , 

Longmont 

G M  (Sv) GSD 

4.1 E-06 6.1 
3.5E-06 6.1 
2.8E-06 6.1 
2.1 E-06 6.1 
1.2E-06 6.1 
6.3E-07 6.1 

. 1.1E-07 6.1 
5.6E-10 6.1 

NA NA 

Notes: 
1 ) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) G M  = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 1.00 rem 
5 )  NA = Not Applicable 
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Pathway-Specific Doses Associated with Deposited Plutonium-239/240 as a Result of the 1957 Fire 

Location 

Plume A - 3 miles 
Plume A - 5 miles 
Plume A - 8 miles 
Plume B - 3 miles 
Plume B - 5 miles 
Plume B - 8 miles 

Denver 
Lakewood 
Longmont 

Soil Ingestion 
GM (Svlvear) GSD 

3.1 E-10 10.2 
2.7E-10 10.8 
2.1 E-10 10.5 
1.6E-10 10.7 
9.5E-11 10.1 
4.9E-11 10.6 
8.7E-12 10.1 
4.3E-14 11.0 

NA NA 

Vegetable Ingestion 
GM (Svlvearl GSD 

7.2E-12 19.8 
6.2E-12 17.7 
4.9E- 12 18.2 
3.7E-12 20.3 
2.2E-12 19.5 
1 .1E-l2 18.8 
2.OE-13 20.9 
9.9E-16 17.5 

NA NA 

~ _ _  

Ground Exposure 
GM (Svlyear) GSD 

7.5E-12 8.1 
6.4E-12 8.2 
5.1E-12 8.3 

-3.9E-12 8.3 
2.3E-12 8.0 
1.2E-12 8.3 

8.2 2.1E-13 
1.OE-15 8.1 

NA NA 

Notes: 
1) E-01 is the same as the value divided by 10': E-02 is the same as the value divided by IO'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert: 1 Sv = 100 rem 
5) NA = Not Applicable 

Wheat Ingestion 
GM (Svlyear) GSD 

5.1 E-1 2 18.7 
4.4E-12 19.0 
3.5E-12 18.3 
2.6E-12 19.3 
1.6E-12 19.0 
7.9E-13 17.9 
1.4E-13 19.6 
7.OE-16 16.8 

NA NA 

I 

1 
1.2E-13 11.9 
9.5E-14 10.6 
7.3E-14 10.9 
4.3E-14 1 1 .o 

Milk Ingestion , 
GM ISvlyear) GSD 

1.4E-13 10.6 

2.2E-14 11.0 
3.9E-15 10.9 
1.9E-17 10.17 

NA NA 

I 

I 
i 
I 
i 
I 
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Pathway-Specific Doses Associated with Deposited Plutoniurn-239/240 as a Result of the 1957 Fire (continued) 

Location 

Plume A - 3 miles 
Plume A - 5 miles 
Plume A - 8 miles 
Plume B - 3 miles 
Plume B - 5 miles 
Plume B - 8 miles 

Denver 
Lakewood 
Longmont 

Beef Ingestion 
GM (Svlyear) GSD 

9.3E-13 10.2 
7.9E-13 10.7 
6.3E-13 11.4 
4.8E-13 10.3 
2.8E-13 10.5 
1.4E-13 10.5 
2.6E-14 10.0 
1.3E-16 10.6 

NA NA 

Inhalation of 
Resuspended Particulates 
GM (Svlyearl GSD 

6.5E-10 9.8 
5.5E-10 8.7 
4.3E-10 9.3 
3.3E-10 8.9 
2.OE-10 9.7 
1 .OE-10 8.6 
1.8E-11 8.8 
8.9E-14 8.9 

NA NA 

Immersion in 
Resuspended Particulates 
GM (Svlvearl GSD 

6.3E-20 
5.3E-20 
4.2E-20 
3.2E-20 
1.9E-20 
9.7E-21 
1.7E-21 
8.6E-24 

NA 

9.9 
8.8 
9.4 
9.2 
9.6 
8.8 
8.7 
9.1 
NA 

.Notes: 
11 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
5) NA = Not Applicable 

Total Dose 
GM (Svlyearl GSD 

1.7E-09 6.9 
1.4E-09 6.3 
1.1 E-09 6.8 
8.3E-10 6.8 
5.OE-10 7.0 
2.6E-10 6.5 
4.5E-11 6.3 
2.2E-13 7.2 

NA NA 
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Inhalation Dose Associated with Airborne Release of Plutonium-239/240 During the 1969 Fire 
-- -- ~ ~ _ _  __ - - -- _ _  - - - _- - 

Location 

Plume C - 3 miles 
Plume C - 5 miles 
Plume C - 8 miles 
Plume D - 3 miles 
Plume D - 5 miles 
Plume D - 8 miles 

Denver 
La kewood 
Longmont 

Inhalation Dose 
GM (Sv) GSD 

4.5E-06 
1.7E-06 
7.6E-07 
2.1 E-07 
7.6E-08 

NA 
NA 
NA 
NA 

4.6 
4.6 
4.6 
4.6 
4.6 
NA 
NA 
NA 
NA 

Notes: 
1) E-01 is the same as the value divided by 10’; E-02 is the same as the value divided by 10’; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
5)  NA = Not Applicable 
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Inhalation Dose Associated with Airborne Release of Americium-241 During the 1969 Fire 

Location 

Plume C - 3 miles 
Plume C - 5 miles 
Plume C - 8 miles 
Plume D - 3 miles 
Plume D - 5 miles 
Plume D - 8 miles 

Denver 
Lakewood 
Longmont 

Inhalation Dose 
GM (Sv) GSD 

1 .OE-06 
3’.7E-07 
1.7E-07 
4.7E-08 
1.7E-08 

NA 
NA 
NA 
NA 

4.5 
4 .5  
4 .5  
4 .5  
4 .5  
NA 
NA 
NA 
NA 

Notes: 
1) E-01 is the same as the value divided by 10’; .E-02 is the same as the value divided by 10’; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4)  Sv = Sievert; 1 Sv = 100 rem 
5) NA = Not Applicable 
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Pathway-Specific Doses Associated with Deposited Plutonium-239/240 as a Result of the 1969 Fire 

Location 

Plume C - 3 miles 
Plume C - 5 miles 
Plume C - 8 miles 
Plume D - 3 miles 
Plume D - 5 miles 
Plume D - 8 miles 

Denver 
Lakewood 
Longmont 

Soil Ingestion 
GM (Svlyear) GSD 

7.7E-11 . 7.0 
2.9E-11 6.5 
1.3E-11 6.8 
3.6E-12. 6.5 

NA NA 
NA NA 
NA NA 
NA NA 

1.3E-12 . 6.4 

Vegetable Ingestion 
GM (Svlyear) GSD 

1.8E-12 13.4 
6.6E-13 14.2 
3.OE-13 13.9 
8.3E-14 14.2 
3.OE-14 14.2 

. NA NA 
NA NA 
NA NA 
NA NA 

Ground Exposure 
GM (Svlyear) GSD 

1.8E-12 4.8 
6.9E-13 5.0 
3.1E-13 4.9 
8.6E-14 5.1 
3.1E-14 4.9 

NA NA 
NA NA 
NA NA 
NA NA 

Wheat Ingestion 
GM (Svlyear) GSD 

1.3E-12 13.5 
4.7E-13 14.7 
2.1E-13 13.6 
5.8E-14 14.1 
2.1E-14 14.4 

NA NA 
NA NA 
NA NA 
NA NA 

Notes: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
5) NA = Not Applicable 
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I 

i 

Milk Ingestion 1 
GM (Svlyearl GSD 

3.4E-14 7.8 

5.8E-15 7.5 

7.9 5.8E-16 
NA NA 
NA NA 

NA 
I 

NA 
NA 

1.3E-14 7.9 

1.6E-15 6.9 

I 

INA 
I 

! 

~ 

1 

I 
I 

i 
I 
1 
I 

I 

I 
I 

I 

I 
I 
I 
I 
I 
I 



Pathway-Specific Doses Associated with Deposited Plutonium-239/240 as a Result of the 1969 Fire (continued) 

Location I 
Plume C - 3 miles 
Plume C - 5 miles 
Plume C - 8 miles 
Plume D - 3 miles 
Plume D - 5 miles 
Plume D - 8 miles 

Denver 
Lakewood 
Longmont 

Beef Ingestion 
GM (Svlyear) GSD 

2.2E-13 7.2 
8.3E-14 6.6 
3.8E-14 6.4 
1 .OE-l4 6.4 
3.8E-15 6.7 

NA NA 
NA NA 
NA NA 
NA NA 

Inhalation of 
Resuspended Particulates 
GM (Svlyeart . GSD 

1.6E-10 5.7 
5.9E-11 5.9 
2.7E-11 5.7 
7.4E-12 5.5 
2.7E-12 6.2 

NA NA ' 

NA NA 
NA NA 
NA NA 

Immersion in 
Resuspended Particulates 
GM iSvlveart GSD 

1.5E-20 
5.7E-21 
2.6E-21 
7.2E-22 
2.6E-22 

NA 
NA 
NA 
NA 

5.8 
5.7 
5.6 
5.5 
6.3 
NA 
NA 
NA 
NA 

Notes: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
21 GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 
5) NA = Not Applicable 

~~ 

Total Dose 
GM ISvlyear) GSD 

3.5E-10 4.7 
1.3E-10 4.6 
5.9E-11 4.6 
1.6E-11 4.5 
5.9E-12 4.7 

NA NA 
NA NA 
NA NA 
NA NA 
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PATHWAY-SPECIFIC DOSES ASSOCIATED 
WITH AIRBORNE RELEASE OF PLUTONTUM-239/240 

AND AMERICIUM-241 FROM THE 903 PAD 



Pathway-Specific Doses Associated with Airborne Release of Plutonium-2391240 During the 903 Pad Release 

Location Inhalation 
GM (Svl GSD 

Sector 1A 
Sector 18 
Sector 2A 
Sector 28 
Sector 3A 
Sector 38 
Sector 4A 
Sector 48  
Sector 5A 
Sector 58  
Sector 6A 
Sector 68 
Sector 7A 
Sector 78 
Sector 8A 
Sector 88 
Sector 9A 
Sector 98 

Sector 10A 
Sector 108 
Sector 11A 
Sector 118 
Sector 12A 
Sector 128 

Denver 
Lakewood 
Longmont 

Soil Ingestion 
GM (Svl GSD 

2.1 E-06 
8.5E-07 
5.7E-07 
9.6E-08 
6.8E-08 
6.7E-07 
2.2E-06 
2.2E-05 
9.2E-07 
3.6E-07 
2.8E-07 
4.3E-08 
3.1 E-08 
3.4E-07 
8.1 E-07 
8.2E-06 
4.3E-07 
1.6E-07 
1.4E-07 
2.1 E-08 
1.5E-08 
1.7E-07 

3.5E-06 

1.7E-07 
4.2E-08 

3.5E-07 

3.6E-0 7 

Vegetable Ingestion 
G M  (Sv) GSD 

3.4 
3.4 
3.5 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.4 
3.5 
3.4 
3.6 
3.5 
3.4 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

Grouad Exposure 
G M  (Svl GSD 

I I 

Wheat Ingestion 
GM ISv) ' GSD 

Immersion 
G M  (Svl GSD 

2.OE- 16 
8.2E-17 
5.5E-17 
9.3E-18 
6.6E-18 
6.5E-17 
2.1 E- 1 6 
2.1 E- 15 
8.9E-17 
3.4E-17 
2.7E-17 

3.OE-18 

7.8E-17 

4.2E-17 
1.6E-17 
1.4E-17 
2.OE- 18 
1.5E-18 
1.7E-17 

3.4E-16 

1.7E-17 
4.OE-18 

' 4.2E-18 

3 x 1 7  

8.OE-16 

3.3E-17 

3.5E-17 

3.5 
3.5 
3.6 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.6 
3.5 
3.6 
3.5 
3.4 
3.5 
3.6 

I 

7.3E-09 4.9 
2.7509 4.8 
1.8E-09 4.8 
2.2E- 10 4.5 
1.6E-10 5.0 
2.4E-09 4.9 
8.1 E-09 5.2 
1.2E-07 5.1 
2.7E-09 4.9 
9.1 E-10 5.0 
7.5E- 10 4.9 
8.9E-11 4.9 
5.9E-1 1 4.9 
1 .OE-09 4.6 
2.3E-09 5.0 
3.5E-08 4.6 
1 .OE-09 5.2 
3.4E- 10 4.6 
3.1E-10 4.9 
2.9E-11 ' 5.1 
3 .06  1 1 5.2 
4.3E-10 4.9 
7.8E-10 5.0 
1.2E-08 4.8 
7.8E-10 5.0 
3.1E-10 5.1 
5.9E-1 1 4.8 

1.7E-06 
6.1 E-07 
4.1 E-07 
5.1 E-08 
3.7E-08 
5.6E-07 
1.9E-06 
2.7E-05 

2.1 E-07 
1 .?E-07 
2.OE-08 
1.4E-08 
2.4E-07 

8.OE-06 
2.3E-07 
7.8E-08 
7.1 E-08 
6.8E-09 
6.7E-09 
9.9E-08 
1 .8E-07 
2.8E-06 
1 .8E-07 
7.1E-08 
1.4E-08 

6.2E-07 

5.3E-07 

4.3 
4.3 
4.1 
4.4 
4.2 
4.0 
3.9 
4.1 
4.2 
4.2 
4.2 
4.0 
4.0 
4.2 
4.2 
4.2 
4.5 
4.2 
4.1 
4.0 
4.2 
4.2 
4.0 
4.2 
4.3 
4.0 
4.1 

I 

Note: 
1) E-01 is the same as dividing the value by 10': E-02 is the same as dividing the value by 10': etc. 
2) GM = Geometric Mean 
3) Geometric Standard Deviation 
4)  Sv = Sievert; Sv = 100 rem 

I 

1.7E-10 3.5 
6.4E-1 1 3.5 
4.3E-1 1 3.5 
5.3E-12 3.4 
3.9E-12 3.5 
5.8E-1 1 3.4 
1.9E-10 3.5 
2.8E-09 3.5 
6.4E-11 3.7 
2.2E-11 3.6 
1.8E-11 3.5 
2.1E-12 3.6 
1.4E-12 3.6 
2.5E-1 1 3.5 
5.5E-11 3.5 
8.4E-10 3.5 
2.4E-11 3.5 
8.1E-12 3.5 
7.4E-12 3.5 

7.1E-13 3.5 
1 .OE-1 1 3.5 

2.9E- 10 3.6 
1.9E-11 3.5 
7.4E-12 3.6 
t.4E-12 3.6 

7.OE-13 3.6 

1.9E-11 , 3.5 

6.OE-10 11.0 
2.2610 11.1 
1.5E-10 11.1 
1.8E-11 11.0 
1.3E-1 1 11.7 
2.OE-10 11.7 
6.5E- 10 10.3 
9.4E-09 10.1 
2.2E- 10 11.2 
7.4E- 1 1 10.4 
6.1E-1 1 10.2 
7.2E-12 10.7 
4.8E-12 I 1 .e 
8 .X-11 10.2 
1.9E-10 11.9 
2.8E-09 1 1.4 
8.3E-11 11.0 
2.7E-11 11.3 
2.5E-11 11.9 
2.4512 11.4 
2.4E-12 10.5 
3.5E-1 1 12.3 
6.4E-1 1 10.3 
9.9E-10 10.8 
6.3E-11 10.4 
2.5E-1 1 11.2 
4.8E-12 11.2 
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Pathway-Specific Doses Associated with Airborne Release of Plutonium-239/240 During the 903 Pad Release (continued) 

Milk Ingestion 
GM (Svj GSD 

1.2E-10 5.6 
4.3E-11 5.2 
2.8E-11 5.6 
3.5E-12 5.7 
2.6E-12 6.0 
3.9E-1 1 5.6 
1.3E-10 . 5.7 
1.9E-09 5.7 
4.3E-1 1 5.5 
1.4E-11 5.5 
1.2E-11 6.0 
1.4E-12 5.6 
9.3E-13 5.7 
1.6E-1 1 6.0 
3.6E-11 6.5 
5.6E-10 . 5.3 
1.6E-11 5.2 
5.4E- 12 5.6 

, 4.9E-12 5.5 
4.7E-13 5.8 
4.6E-13 5.8 
6.8E-12 5.6 
1.2E-11 6.0 
1.9E-10 5.9 
1.2E-11 6.0 
5.OE- 12 5.9 
9.3E-13 5.7 

Location Beef Ingestion 
G M  ISv1 GSD 

1.6E-10 4 .2  
5.8E-1 1 4 .2 
4.OE- 1 1 4.4 
4.8E-12 4 .6  
3.5E-12 4 . 6  
5.3E-11 4.2 
1.8E-10 4 .0  
2.66-09 4.3 
5.7E-11 4.1 
2.OE-11 4.1 
1.7E-11 4.1 
1.9E-12 4.1 
1.3E-12 4.2 
2.3E-1 1 4.3 
5.3E-1 1 4.4 
7.6E- 1 0  3.9 
2.2E-11 4 . 0  
7.4E-12 * 4.1 
6.8E-12 4.2 
6.4E-13 4 .0  
6.2E-13 4.1 
9.3E-12 4.1 
1.7E-11 4 .0  
2.7E- 10 4.3 
1.7E- 1 1 4.8 
6.9E-12 4 . 0  
1.3E-12 4 . 0  

Sector 1A 
Sector 1 8  
Sector 2A 
Sector 28 
Sector 3A 
Sector 3 8  
Sector 4A 
Sector 4 8  
Sector 5A 
Sector 5 8  
Sector 6A 
Sector 68 
Sector 7A 
Sector 7 0  
Sector 8A 
Sector 88 
Sector 9A 
Sector 98 

Sector 10A 
Sector 108  
Sector 11A 
Sector 1 1 8  
Sector 12A 
Sector 1 2 8  

Denver 
Lakewood 
Longmont 

Inhalation of 
Resuspended Particulates 

GM ISv1 GSD 

1 .ZE-OB 4 . 9  
4.5E-09 4.6 
3.1 E-09 4.8 
3.8E-10 . 5.2 
2.8E- 10 4 . 9  
4.1 E-09 5.1 
1.4E-08 4.8 
2.OE-07 5.1 
4.5E-09 5.2 
1.5E-09 4 .9  
1.3E-09 4 .9  
1.5E-10 4.6 
1 .OE- 1 0  4.7 
1.7E-09 4.5 
3.9E-09 4.8 
6.OE-08 4.8 
1 .7E-09 4.6 
5.7E-10 5 . 0  
5.2E-10 4 .6  
5.OE-1 1 5 .0  
5.OE-1 1 4.6 
7.3E-10 5 .0  
1.3E-09 5.1 
2.1 E-08 5 . 0  
1.3E-09 5 . 0  
5.3E-10 5 .O 
1.OE-10 4.6 

Note: 
11 E-01 is the same as dividing the value by 10'; E-02 is the same as dividing the value bv 10'; etc. 
21 G M  = Geometric Mean 
31 Geometric Standard Deviation 
41 Sv = Sievert; Sv = 100 rem 

Immersion in 
Resuspended Particulates 

GM ISvI GSD 

1.2E-18 4 .8  
4.4E-19 4 .9  
3.OE-19 4.7 
3 . 7 5 2 0  5.1 
2.7E- 2 0  4.7 
4.OE-19 5.1 
1.3E-18 4.7 
1.9E-17 5 .2  
4 . 4 5 1 9  5.2 
1.5E-19 4 .8  
1.2E-19 5 . 0  
1.5E-20 4 .6  
9.6E-21 4.7 
1.7E-19 4.5 
3.8E-19 5.1 
5.8E-18 4 .8  
1.7E-19 4.7 
5.6E-20 5.1 
5.1E-20 4.7 
4.8E-21 5 . 0  
4.8E-21 4.7 
7.OE-20 5.1 
1.3E-19 5.1 
2.OE-18 5 .0  
1.3E-19 5.2 
5.1 E-20 5.2 
9.7E-21 4.6 

Total Dose 
GM (Svl GSD 

5.4E-06 2.8 
2.1 E-06 2.6 
1 . 4 5 0 6  2.7 
2.1 E-07 2.9 
1.5E-07 2.8 
1.8E-06 2.7 
5.8E-06 2.7 
7.2E-05 
2.2E-06 ;:: ~ 

2.4E-05 2.8( 

8.OE-07 2.7 
6.5E-07 2.8 I 
8.7E-08 2.8 I 
6 .1  E-08 2.7 
8.4E-07 2.7 1 
1.9E-06 2.8 

9.4E-07 2.8 
3.4E-07 2.91 
3.OE-07 2.71 
3.6E-08 2.7; 
3.1E-08 2.9, 

7.2E-07 2.7, 
3.8E-07 2.7, 

9.1 E-06 2.7 
7.8E-07 2.7; 
3.4E-07 2.0 

1 

1 

7.5E-08 2.7 
1 

1 
1 

1 

1 

1 

1 

1 

1 
1 

1 
1 
1 

1 
1 
I 

I 
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Pathway-Specific Doses Associated with Deposited Plutonium-239/240 After the 903 Pad Release 

Ground Exposure 
GM (Svlyearl GSD 

Location Wheat Ingestion 
GM ISvlyear) GSD 

Sector 1 A 
Sector 1 8 
Sector 2A 
Sector 2 8  
Sector 3A 
Sector 3 8  
Sector 4A 
Sector 4 8  
Sector 5A 
Sector 58 
Sector 6A 
Sector 6 8  
Sector 7A 
Sector 7 8  
Sector 8A 
Sector 88 
Sector 9A 
Sector 9 8  

Sector 10A 
Sector 108  
Sector 1 1 A 
Sector 1 1 8 

'Sector 12A 
Sector 128  

Denver 
Lakewood 
Longmont 

Soil Ingestion 
GM (Svlyear) GSD 

7.3E-09 4.7 
2.7E-09 5.2 
1.8E-09 5.3 
2.2E- 10  5.0 
1.6E-10 5.3 
2.4E-09 4 .9  
8.1 E-09 4 .7  
1.2E-07 4 .6  
2.7E-09 5 .0  
9.2E- 10  4.7 
7.5E- 10  5.0 
8.9E-1 1 4 .5 
5.9E-11 4 .9  
1 .OE-09 4.9 
2.3E-09 4.8 
3.5E-08 4.9 
1 .OE-09 4 .9  
3.4E-10 5.0 
3.1 E-10 4 .8  
2 . 9 5 1  1 4 .6  
2.9E-11 4.8 
4.3E-10 5 .0  
7.8E-10 5.1 
1.2E-08 4.6 
7.8E-10 5.4 
3.1 E-10 4 .8  
5.9E-11 4.7 

Vegetable Ingestion 
G M  (Svlyearl GSD 

1.7E-06 4.3 
6.1 E-07 4.0 
4.1 E-07 4 .0  
5.1 E-08 4.4 
3.7E-08 3.9 
5.6E-07 3.9 
1.9E-06 4.4 
2.7E-05 4.1 
6.1E-07 3.8 
2.1 E-07 4.3 
1.7E-07 4.1 
2.OE-08 4.3 
1.4E-08 4.1 
2.4E-07 4.1 
5.3E-07 4.4 
8.OE-06 4.1 
2.3E-07 4.1 
7.8E-08 4.2 
7.1 E-08 4 .0  
6.8E-09 4.2 
6.8E-09 4 .O 
9.8E-08 4 .3  
1.8E-07 4.2 
2 . M - 0 6  4 2  
1.8E-07 4 .0  
7.2E-08 4.3 
1.4E-08 4.2 

1.8E-10 3.5 
6.4E-11 3.5 
4.3E-1 1 3.5 
5.3E-12 3.6 
3.9E-12 3.5 
5.8E-1 1 3.5 
1.9E-10 3.5 
2.8E-09 3.6 
6.4E-11 3.6 
2.2E-11 3.5 
1.8E-11 3 .5  
2.1E-12 3.6 
1.4E-12 3.6 
2.5E-1 1 3.6 
5.5E-1 1 3.6 
8.4E- 10 3.5 
2.4E-1 1 3.6 
8.1E-12 3 .6  
7.4E-12 3.4 
7.1 E-1 3 3.5 
7.1E-13 3.5 
1 .OE-1 1 3.5 
1.9E-1 1 3.6 
2.9E-10 3.5 
1.9E-11 3.6 
7.5E-12 3.6 
1.4E.12 3.6 

6.OE-10 
2.2E- 10 
1.5E-10 
1.8E-11 
1.3E-11 
2.OE-10 
6.5E-10 
9.4E-09 
2.2E-10 
7.4E-11 
6.1E-11 

4.8E-12 
7.2E-12 

8.4E-11 
1.9E-10 
2.8E-09 
8.2E-11 
2.7E-11 
2.5E-11 
2.4E-12 
2.4E- 12 
3.5E-11 
6.4E-11 
9.9E- 10 
6.3E-11 
2.5E-11 
4.8E-12 

11.7 
11.7 
11.4 
10.6 
11.2 
10.7 
12.0 
10.7 
11.5 
10.4 
12.4 
9.9 
11.5 
10.6 
11.7 
11.2 
10.9 
10.7 
10.2 
11.8 
11.3 
10.2 
11.1 
12.0 
11.3 
11.7 
10.1 

I 

Note: 
11 E-01 is the same as dividing the value by 10'; E-02 is the same as dividing the value by 10'; etc. 
21 GM = Geometric Mean 
31 Geometric Standard Deviation 
41 Sv = Sievert; Sv = 100  rem 

. 

Milk Ingestion 
G M  (Svlyearl 

1.2E-10 
4.2E-11 
2.8E-11 
3.5E-12 
2.6E- 12 
3.9E-11 
1.3E-10 
1.8E.09 
4.2E-11 
1.5E-11 
1.2E-11 
1.4E-12 
9.3E-13 
1.7E-11 
3.6E-11 
5.6E-10 
1.6E-11 
5.4E-12 

4.7E-13 
4.6E-13 
6.7E-12 
1.2E-11 
2.OE-10 
1.2E-11 
4.9E-12 
9.3E-13 

4.9E- 12 

GSD 

5.3 
5.6 
5 .9  
5.4 
5.4 
5.6 
5.3 
5.7 
5.8 
5.7 
5.4 
5.8 
5.8 
6.1 
5.6 
5.6 
5 .4  
5.7 
6 .O 
5.7 
5.7 
5.7 
5.8 
5 .3  
5.6 
5.6 
5.6 

- 
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AFTERSUM 

Pathway-Specific Doses Associated with Deposited Plutonium-239/240 After the 903 Pad Release (continued) 

Location 

Sector 1 A 
Sector 1 B 
Sector 2A 
Sector 2B 
Sector 3A 
Sector 38 
Sector 4A 
Sector 48  
Sector SA 
Sector 58  
Sector 6A 
Sector 6 8  
Sector 7A 
Sector 70 
Sector 8A 
Sector 8B 
Sector 9A 
Sector 9 8  

Sector 1 OA 
Sector 108 
Sector 11A 
Sector 1 1 B 
Sector 12A 
Sector 128 

Denver 
Lakewood 
Longmont 

I 
Beef Ingestion 

G M  (Svlyear) GSD 

1.6E-10 4.1 
6.OE-1 1 4.1 
3.9E-1 1 4.2 
4.7E-12 3.9 
3.5E-12 4.2 
5.2E-11 4.1 
1.7E- 10 4.0 
2.6E-09 4.4 
5.9E-1 1 4.0 
2.OE-11 4.2 
1.6E-11 4.0 
1.9E-12 4 .1  
t.3E-12 4.1 
2.3E-1 1 4.4 
5.OE-1 1 4.4 
7.6E-10 4.3 
2.2E-11 4.1 
7.2E-12 4.5 
6.9E-12 4.1 
6 .5513 4.2 
6.3E-13 3.9 
9.1E-12 4.1 
1.7E-11 4.1 
2.6E-10 4.1 
1.7E-11 4.1 
6.7E-12 4.1 
1.3E-12 4.0 

Inhalation of 

Resuspended Particulates 
GM ISvlyearI GSD 

1.2E-08 4.8 
4.5E-09 5.0 
3.1 E-09 4.7 
3.8E-10 4.7 
2.8E-10 4.7 
4.1 E-09 4.7 
1.4E-08 5.0 
2.OE-07 4.7 
4.5E-09 4.7. 
1.6E-09 4.8 
1.3E-09 4.8 
1.5E-10 4.8 
1 .OE- 10 5.3 
1.8E-09 4.5 
3.9E-09 5.0 

5.0 6.OE-08 
1.7E-09 4.9 
5.8E-10 4.7 
5.3E-10 4.8 
5.OE- 1 1 5.1 
5.OE- 1 1 4.5 
7.3E- 10 5.0 

2.lE-08 4.9 
1.3E-09 4.6 
5.3E- 10 5.2 
1.OE-10 4.7 

1.3E-09 4.7 

~~ 

Immersion in 
Resuspended Particulates 

GM (Svlyear) GSD 

1.2E-18 4.9 
4.4E-19 4.9 
3.OE-19 4.7 
3.6E-20 4.8 
2.7E-20 4.9 
4.OE-19 4.9 
1.3E-18 4.9 
1.9E-17 4.8 
4.4E-19 4.6 
1.5E-19 4.9 
1.2E-19 4.8 
1.5E-20 4.8 
9.7E-21 5.1 
1.7E-19 4.4 
3.8E-19 5.0 
5.8E-18 4.9 
1.7E-19 5.1 
5.6E-20 4.9 

. 5.1E-20 4.8 
4.8E-21 5.1 
4.8E-21 4.6 
7.OE-20 4.9 
1.3E-19 4.9 
2.OE-18 5.1 
1.3E-19 4.6 
5.1E-20 5.3 
9.7E-21 4.7 

I I I I 

Note: 
1) E-01 is the same as dividing the value by 10'; E-02 is the same as dividing the value by 10'; etc 
21 GM = Geometric Mean 
3) Geometric Standard Deviation 
4) Sv = Sievert; Sv = 100 rem 

2 01 2 

Total Dose 
G M  (Svlyearl 

1.8E-06 4.0 
6.6E-07 3.8 
4.4E-07 3.8 
5.5E-08 4.0 
4.OE-08 3.6 
6.OE-07 3.6 
2.OE-06 4.0 
2.9E-05 3.8 
6.6E-07 3.5 
2.3E-07 4.0 
1.9E-07 3.7 
2.2E-08 4.0 
1.5E-08 3.8 
2.6E-07 3.7 
5.7E-07 4.1 
8.6E-06 3.8 
2.5E-07 3.8 
8.4E-08 3.9 
7.6E-08 3.8 
7.4509 3.8 
7.3E-09 3.8 
1.1 E-07. 3.9 
1.9E-07 3.8 
3.OE-06 3.8 
1.9E-07 3.7 
7.8E-08 3.9 
t.5E-08 3.9 

I 
I 
I 

I 

I 
I 
! 
I 

I 
I 
I .  
I 

I 
I .  

I 

I 

I 
~ 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 
I 

~ 

I 
I 
i 
I 
I 

I 
I 
I 

1 

i 

I 
I 
I 

I 

I 
I 
I 

I 

I 
I 

I 
I 

! 
I 
I 

i 
I 
I 
i 
I 

I 
I 
I 
I 



Pathway-Specific Doses Associated with Americium-241 Released During the 903 Pad 

Location 

Sector 1A 
Sector 18 
Sector 2A 
Sector 28 
Sector 3A 
Sector 38 
Sector 4A 
Sector 48 
Sector 5A 
Sector 58 
Sector 6A 
Sector 68 
Sector 7A 
Sector 78 
Sector EA 
Sector 88 
Sector 9A 
Sector 98 

Sector 10A 
Sector 108 
Sector 11A 
Sector 118 
Sector 12A 
Sector 128 

Denver 
Lakewood 
Longmont 

Inhalation 
GMISv)  GSD 

6.1 E-07 
2.5E-07 
1.7E-07 
2.8E-08 
2.OE-08 
2.OE-07 
6.4E-07 
6.4E-06 
2.7E-07 
1 .OE-07 
8.2E-08 
1.3E-08 
9.3E-09 
1 .OE-07 
2.4E-07 
2.4E-06 
1.3E-07 
4.8E-08 
4.2E-08 
6.1 E-09 
4.5E-09 
5.1 E-08 
1 .OE-07 
1 .OE-06 
1.1 E-07 
5.1E-08 
1.2E-08 

3.5 
3.6 
3.5 
3.6 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.6 
3.6 
3.5 
3.5 
3.5 
3.4 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 
3.5 
3.4 

Immersion 
GM ISv) GSD 

1.OE-14 
4.1E-15 
2.8E-15 
4.6E-16 
3.3E-16 
3.3E-15 
l . lE-14 
l . lE-13 
4.5E-15 
1.7E-15 
1.4E-15 
2.1E-16 
1.5E-16 
1.7E-15 
4.OE-15 
4.OE-14 
2.1E-15 
8.OE-16 
6.9E-16 
1 .OE-16 
7.4E-17 
8.5E-16 
1.7E-15 
1.7E-14 
1.8E-15 
8.5E-16 
2.OE-16 

3.5 
3.5 
3.6 
3.6 
3.5 
3.6 
3.7 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.6 
3.6 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.6 
3.5 
3.5 
3.5 
3.5 

Soil Ingestion 
GM ISv) GSD 

1.8E-09 
6.6E-10 
4.5E-10 
5.5E-11 
4.OE-11 
6.OE-10 
2.OE-09 
2.9E-08 
6.7E-10 
2.3E-10 
1.9E-10 
2.2E-11 
1.5E-11 
2.6E-10 
5.7E-10 
8.6E-09 
2.5E- 10 
8.5E-11 
7.7E-11 
7.4E-12 
7.3E-12 
l . lE-10 
1.9E-10 
3.OE-09 
1.9E-10 
7.7E-11 
1.551 1 

4.8 
4.9 
4.9 
5.0 
5.1 
5.2 
5 .O 
4.9 
4.7 
4.7 
4.9 
4.7 
4.9 
4.7 
4.8 
5.0 
4.8 
4.9 
4.6 
5.2 
5.0 
5.0 
4.8 
4.7 
4.8 
4.8 
4.9 

Vegetable Ingestion 
GM (Sv) GSD 

4.3E-07 
1.5E-07 
1 .OE-07 
1.3E-08 
9.4E-09 
1.4E-07 
4.7E-07 
6.7E-06 
1.5E-07 
5.3E-08 
4.3E-08 
5.1E-09 
3.4E-09 
5.9E-08 
1.3E-07 

' 2.OE-06 
5.8E-08 
2.OE-08 
1.8E-08 
1.7E-09 
1.7E-09 
2.5E-08 
4.5E-08 
7.OE-07 
4.5E-08 
1.8E-08 
3.4E-09 

4.0 
4.0 
4.0 
4.3 
4.1 
4.0 
4.2 
4.1 
4.0 
4.1 
4.2 
4.1 
4.4 
4.1 
4.0 
4.2 
4.0 
4.1 
3.9 
4.2 
4.2 
4.1 
4.1 
4.4 
4.1 
4.3 
3.9 

NOTES: 
1) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
2) GM = Geometric Mean 
3) GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Ground Exposure 
GM ISvl GSD 

2.3E-09 
8.3E-10 
5.6E-10 
6.9E-1 1 
5.OE-11 
7.6E-10 
2.5E-09 
3.6E-08 
8.3E-10 
2.9E-10 
2.3E-10 
2.8E-11 
1.8E-11 
3.2E-10 
7.2E-10 
1.1 E-08 
3.2E-10 
1.1E-10 
9.7E-11 
9.2E-12 
9.2E-12 
1.3E-10 
2.4E-10 
3.8E-09 
2.4E-10 
9.7E-11 
1.8E-11 

3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3.5 
3.4 
3.4 
3.5 
3.4 
3.4 
3.4 
3.5 
3.4 
3.5 
3.3 
3.4 
3.5 
3.5 
3.5 
3.4 
3.4 
3.5 
3.4 
3.4 

Wheat Ingestion 
GM ISv) GSD 

8.3E-10 
3.OE-10 
2.OE-10 
2.5E-1 1 
1.8E-11 
2.8E-10 
9.1 E-10 
1.3E-08 
3.OE-10 
1 .OE-10 
8.5E-11 
1 .OE-1 1 
6.7E-12 
1 .ZE-10 
2.6E-10 
3.9E-09 
1.1E-10 
3.8E-11 
3.5E-11 
3.3E-12 
3.3E-12 
4.9E-11 
8.8E-11 
1.4E-09 
8.8E-11 
3.5E-11 
6.6E-12 

5.0 
5.1 
4.9 
4.6 
5.1 
4.7 
5.0 
4.9 
4.7 
5 .O 
5.1 
5.1 
5.3 
5.1 
5.1 
5.1 
4.9 
5.1 
4.9 
4.7 
4.9 
5.0 
5.1 
5.4 
4.8 
4.7 
4.8 

1 01 2 I 



AM-DUR.SUM 

Pathway-Specific Doses Associated with Americium-241 Released During the 903 Pad (continued) 

Location 

Sector 1A 
Sector 18 
Sector 2A 
Sector 28 
Sector 3A 
Sector 38 
Sector 4A 
Sector 48 
Sector 5A 
Sector 5B 
Sector 6A 
Sector 68 
Sector 7A 
Sector 78 
Sector 8A 
Sector 8B 
Sector 9A 

. Sector 98 
Sector 10A 
Sector 108 
Sector 11A 
Sector 11 8 
Sector 12A 
Sector 128 

Denver 
Lakewood 
Longmont 

Milk Ingestion 
GM (Sv) GSD 

1.2E-10 
4.3E-11 
2.8E-11 
3.5E-12 
2.6E-12 
3.9E-11 
1.3E-10 
1.9E-09 
4.3E-11 
1.5E-11 
1.2E-11 
1.4E-12 
9.4E-13 
1.6E-11 
3.7E-11 
5.5E-10 
1.6E-11 
5.4E-12 
4.9E-12 
4.7E-13 
4.6E-13 
6.8E-12 
1.2E-11 
1.9E-10 
1.2E-11 
4.9E-12 
9.3E-13 

5.7 
5.7 
5.2 
5.7 
5.1 
5.3 
5.7 
6.0 
5.5 
5.5 
6.0 
5.4 
6.0 
5.8 
6.1 
5.6 
5.8 
5.9 
6.0 
5.6 
5.5 
5.2 
5.9 
5.3 
5.5 
5.6 
5.9 

Beef Ingestion 
GM (Sv) GSD 

1.6E-10 
6.OE-11 
4.OE-11 
5.OE-12 
3.5E-12 
5.3E-1 1 
1.8E-10 
2.7E-09 
6.1E-11 
2.OE-11 
1.7E-11 
2.OE-12 
1.4E-12 
2.3E-11 
5.2E-11 
7.6E-10 
2.4E-11 
7.4E-12 
6.7E-12 
6.6E-13 
6.4E-13 
9.4E-12 
1.7E-11 
2.7E-10 
1.8E-11 
7.OE-12 
1.3E-12 

4.3 
4.2 
4.0 
4.3 
4.1 
4.1 
4.2 
4.3 
4.2 
3.9 
4.4 
4.0 
4.5 
3.9 
4.4 
4.2 
3.9 
4.4 
4.8 
4.0 
3.9 
4.2 
4.3 
4.0 
4.1 
4.3 
4.4 

Inhalation of 
Resuspended Particulates 

GM (Sv) GSD 

3.7E-09 4.8 
1.3E-09 4.8 
9.OE-10 . 4.9 
1.lE-10 4.7 
8.OE-11 4.9 
1.2E-09 4.6 . 
4.OE-09 5.1 
5.8E-08 4.7 
1.3E-09 4.8 
4.5E-10 4.8 
3.7E-10 4.6 
4.4E-11 4.5 - 
2.9E-11 5.1 
5.1E-10 4.8 
1.1 E-09 4.7 
1.7E-08 4.9 
5.OE-10 4.9 
1.7E-10 4.8 
1.5E-10 4.8 
1.5E-1 1 4.8 
1.5E-11 4.9 
2.1 E-1 0 4.9 
3.9E-10 4.7 
6.1 E-09 4.8 
3.9E-10 4.8 
1.5E-10 5.1 
2.9E- 1 1 4.8 

Immersion in 
Resuspended Particulates 

GM (Sv) GSD 

4.8 6.1E-17 
2.2E-17 4.8 
1.5E-17 5.0 
1.8E-18 4.7 
1.3E-18 4.9 
2.OE-17 4.6 
6.6E-17 5.0 
9.6E-16 4.7 
2.2E-17 4.7 
7.5E-18 4.9 
6.2E-18 4.6 
7.3E-19 4.5 
4.9E-19 5.1 
8.5E-18 4.9 
1.9E-17 4.7 
2.9E-16 4.7 
8.4E-18 4.9 
2.8E-18 4.9 
2.6E-18 4.7 
2.4E-19 5.0 
2.4E-19 
3.6E-18 5.0 
6.4E-18 4.7 
1.OE-16 4.7 
6.5E-18 4.7 
2.6E-18 5.1 
4.9E-19 4.8 

4.9 : 

NOTES: 
1) E-01 is the same as the value divided by 10’; E-02 is the same as the value divided by 10’: etc. 
2) GM = Geometric Mean 
31 GSD = Geometric Standard Deviation 
4) Sv = Sievert; 1 Sv = 100 rem 

Total Dose 
GM(Svl  GSD 

1.5E-06 
5.6E-07 
3.8E-07 
5.7E-08 
4.2E-08 
4.9E-07 
1.6E-06 
1.9E-05 
6.OE-07 
2.2E-07 
1.8E-07 
2.5E-08 
1.8E-08 
2.3E-07 
5.3E-07 
6.4E-06 
2.6E-07 
9.2E-08 
8.2E-08 
1 .OE-08 
8.4E-09 
l.lE-07 
2.1 E-07 
2.6E-06 
2.1 E-07 
9.4E-08 
2.1 E-08 

2.8 
2.8 
2.7 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.8 
2.7 
2.8 
2.7 
2.7 
2.9 
2.7 
2.7 
2.6 
2.8 
2.7 
2.7 
2.8 
2.7 
2.7 
2.9 
2.7 

I 

I 

I 
j 
I 

I 

I 
I 
I 

I 
I 

i 
I 

I 
I 
I 

I 
I 

I 
I 
~ 

I 

I 

I 
I 

I 
I 
I 
I 

I 
I 

I 

I 
I 
I 



Prlhwr~Sprclfic Doses Assodnod wllh D.Dorltrd Amerlclum-241 as a Rasutl 01 Iha 903 Ped Release 
Sector 1A 
(1970-1989) 

Veer - 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
I987 
1988 
1989 

Soil Ingestion 
GM ISv/year) GSD 

1.9E-09 4.7 
1.9E.09 5.2 
2.OE-09 4.9 
2.OE.09 5.2 
2.OE.09 5.2 
2.OE-09 5.3 
2.1E.09 4.7 
2.1E-09 4.9 
2.lE-09 5.0 
2.1E.09 4.9 
2.2E.09 4.8 
2.2E-09 4.7 
2.2E-09 5.1 
2.2E-09 4.7 
2.3E-09 4.8 
2.3E-09 4.8 
2.3E-09 4.9 
2.3E-09 4.7 
2.3E.09 5.0 
2.3E.09 4.7 

Vegetable Ingestion 
GM lSvlyear1 GSD 

4.4E-07 4.1 
4.4E.07 4.1 
4.5507 4.1 
4.6E.07 4.2 
4.7E-07 4.2 
4.7E-07 4.0 
4 .M-07 4.4 
4.9E-07 4.1 
4.9E-07 4.1 
5.OE.07 4.1 
5.OE-07 3.9 
5.1E.07 4.2 
5.2E-07 4.3 
5.2E.07 3.9 
5.2E-07 3.9 
5.3E-07 4.0 
5.3E-07 4.3 
5.4E.07 4.2 
5.4E-07 4.2 
5.5E.07, 4.3 

2 . X - 0 9  
2.4E.09 
2.4E.09 
2.5E.09 
2.5E-09 
2.5E.09 
2.6E-09 
2.6E.09 
2.7E-09 
2.7E-09 
2.7E.09 
2.7E-09 
2.8E.09 
2.8E.09 
2.8E.09 
2.9E.09 
2.9E.09 
2.9E-09 
2.9E-09 
3.OE-09 

3.5 
3.4 
3.5 
3.5 
3.5 
3.6 
3.5 
3.5 
3.4 
3.5 
3.6 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.6 
3.4 

8.5E-10 
8.6E.10 
8.8E-10 
9.OE-10 
9.1E.10 
9.2E-10 
9.4E-10 
9.5E-10 
9.6E-10 
9.7E-10 
9.9E-10 
1 .OE-09 
1 .OE-09 
1 .OE-09 
1 .OE.09 
1 .OE-09 
1 .OE.09 
l . lE.09 
1.1E-09 
l . lE.09 

5. 1 
5.1 
4.9 
5.2 
4.9 
5.0 
4.6 
5.2 
5.1 
5.2 
4.8 
5.0 
4.9 
4.7 
4.9 
5.0 
5.2 
4.5 
4.7 
4.8 

I 

Notes: 
11 The dose estimates in this lable Include the contribution from the decev of deposited plutonium-241 
21 E.01 is the same as Ihe value divided by 10': E-02 is the same as the value divided by 10'; etc. 
3) GM = Geometric Mean 
41 GSD D Geometric Standard Deviation 
51 Sv = Sievert; 1 Sv = lo0 rem 

Inhalation of 
Milk Ingestion Beef Ingestion Resuspended Particulates 

GM ISvlvearl GSD GM ISvlyear1 GSD GM ISvlvear) GSD 

1.2E-10 
1.2E. 10 
1.2E-10 
1.3E. 10 
1.3E- 10 
1.3E.10 
t.3E-10 
1.3E- 10 
1.3E-10 
1.4E-I0 
1.4E-10 
1.4E.10 
1.4E-10 
1.4E-10 
1.4E-10 
1.5E-10 
1.5E.10 
1.5E. 10 
1.5E-10 
1.5E-10 

5.4 
5.7 
5.9 
6.0 
5.8 
5.9 
6.0 
5.3 
5.4 
5.5 
5.7 
5.3 
5.4 
5.4 
5.8 
5.7 
5.9 
6.0 
5.9 
5.7 

1.6E.10 
1.7E-10 
1.7E.10 
1.8E-10 
1.8E-10 
1 .BE- 10 
1.9E. 10 
t .9E. 10 
2.OE.10 
1.9E.10 
2.OE-10 
2.OE-10 
2.OE-10 
2.OE-10 
2.OE- 10 
2.OE- 10 
2.lE-10 
2.1E-10 
2.1 E-10 
2.2E-10 

4.2 
4.2 
4.3 
4.0 
4.3 
4.2 
4.5 
3.9 
4.4 
4.2 
4.4 
4.0 
4.3 
4.2 
4.3 
4.3 
4.2 
4.5 
4.0 
4.0 

3.7E.09 
3.8E-09 
3.9E-09 
4.OE.09 
4.OE-09 
4.1E.09 
4.1E.09 
4.2E-09 
4.3E.09 
4.3E.09 
4.4E-09 
4.4E.09 
4.5E-09 
4.5E.09 
4.5E-09 
4.6E.09 
4.6E.09 
4.7E.09 
4.7E.09 
4.7E-09 

4.7 
4.9 
4.7 
4.5 
4.9 
4.9 
5.0 
4.9 
4.9 
4.9 
4.6 
4.7 
4.7 
5.1 
5.2 
4.9 
4.8 
5.0 
5.0 
5.0 

I I 

Immersion In 
Resusvended Pertlcutares Total Dora 

GM ISvlveer) GSD GM ISvlyaer) GSD 

6 . X - 1 7  4.6 4.8E-07 3.7 
6.3E-17 4.9 5.OE.07 3.7 
6.5E-17 4.9 5.0607 3.6 
6.6E.17 4.8 5.1607 3.8 
6.7E.17 4.9 5.2E.07 3.8 
6.8E-17 4.9 5.3E.07 3.6 
8.9E-17 4.9 5.4E.07 3.8 
7.OE-17 5.0 5.5E.07 3.6 
7. (E-17 4.9 5.5E.07 3.7 
7.1E-17 5.0 5.6E-07 3.7 
7 . X - 1  7 4.6 5.6E-07 3.5 
7.3E-17 4.8 6.7E-07 3.8 
7.4E.17 4.8 6.8E-07 3.8 

5.1 5.8E.07 3.8 7.5E-17 
5.2 6.8E.07 3.5 7.5E-17 

7.W-17 4.9 5.9E-07 3.8 
7.7E.17 4.9 8.OE.07 3.9 
7.7E. 17 4.9 6.OE.07 3.8 
7.8E-17 4.9 6.1E.07 3.8 

5.1 6.lE-07 3.9 7.8E-17 

1 01 1 



Pmlhwe).-Sprclflc Doses AssOde1.d whh Deposed Arnerklurn-241 8s Result of the 903 Ped Rdeese 
Sector 18 
11970-19891 

Year Soil Ingestion Vegetable Ingestion Ground Exposure Wheal Ingeslion 
GM (Svlyearl GSD GM (Svlyearl GSD GM (Svlyaarl GSD GM ISvlyearl GSD 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

igao 

I 1 I I 

6.8E-10 
6.9E-10 
7.1E-10 
7.2E-10 
7 . X - 1 0  
7.4E-10 
7.5E-10 
7.6E-10 
7.7E-10 
7.8E-10 
7.9E.10 
8.OE-10 
8.OE-10 
8.1 E- 10 
8.2E-10 
8.3E-10 
8.4E-10 
8.4E-10 
8.5E-10 
8.5E-10 

1.4E-09 5.0 
1.4E-09 4.8 
1.4E-09 4.6 
1.4E.09 4.9 
1.5E-09 4.7 
1.5E-09 5.0 
1.5E-09 4.8 
l.SE.09 4.9 
1.5E-09 4.8 
1.6E-09 5.1 
1.6E-09 5.0 
1.6E-09 6.0 
1.6E-09 5.0 
1.6E-09 4.4 
1.6E.09 5.0 
1.7E-09 4.6 
1.7E-09 5.4 
1.7E.09 4.8 
1.7E-09 5.0 
1.7E-09 4.7 

5.0 
4.8 
4 .9  
5.0 
5.0 
5.0 
5.0 
5.1 
4 .9  
4.6 
5.0 
5.1 
4.8 
4.7 
4.9 
4.9 
4.8 
4 .9  
4.8 
5 .O 

' 

1.6E-07 
1.6E-07 
1.6E-07 
1.7E-07 
1.7E-07 
1.7E-07 
1.7E-07 
1.8E-07 
1.8E-07 
1 .8E-07 
1.8E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
2.OE-07 
2.OE-07 

4.1 
4.1 
4.1 
4.0 
4.1 
4.4 
4.2 
4.1 
4.3 
4.2 
4.2 
4.1 
4.1 
4.3 
4.0 
4.2 
4.3 
4.2 
4.3 
4.2 

8.5E-10 
8.6E-10 
8.9E-10 
9.OE-10 
9.2E-10 
9.3E-10 
9 . X - 1 0  
9.6E-10 
9.7E-10 
9.8E-10 
9.9E-10 
1 .OE-09 
1 .OE-09 
1 .OE-09 
1 .OE-09 
1 .OE-09 
1 .OE-09 
l . lE-09  
1.1E-09 
l . lE-09  

3.6 
3.5 
3.4 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.4 
3.6 
3.4 
3.3 
3.4 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 

3.lE-10 
3.1E-10 
3.2E-10 
3.2E-10 
3 . X - 1 0  
3.4E-10 
3.4E-10 
3.4E.10 
3.5E.10 
3.6E-10 
3.6E-10 
3.6E-10 
3 .M-10 
3.7E-10 
3.7E-10 
3.7E-10 
3.8E.10 
3.8E-10 
3.8E-10 
3.9E.10 

4.2 
4.8 
4.8 

4.8 
4.8 
5 . 0  
5.2 
4.7 
4.9 
5.0 
4.8 
4.8 
4.9 
4.7 
4.9 
4.9 
4.9 
5.0 
4.8 

4.8 

Milk Ingestion 
GM ISvlyearl GSD 

' 4 . X - 1 1  
4.4E-11 
4.5E.11 
4.6E-11 
4.6E-11 
4.7E-11 
4.9E-11 
4.9E.11 
4.9E- 11 
5.OE-11 

5.1E.11 
5.2E.11 
5.2E.11 
5.2E-11 
5.3E-11 
5.3E-11 
5.3E-11 
5.5E-11 
5.4E-11 

5.1E-11 

5.2 
5.8 
5.8 
5.5 
5.6 
5.6 
5.3 
5.6 
5.5 
4.9 
5.7 
6.0 
6.1 
6.2 
6.2 
5.5 
5.7 
5.9 
5.6 
5.8 

Beef Ingestion 
GM ISvlyearI GSD 

6.1E-11 
6.2E-11 
6.1E.11 
6.6E-11 
6.6E-11 
6.5E-11 
6.6E-11 
6.8E-11 
6.8E-11 
6.9E-11 
7.lE-11 
7.2E-11 
7.lE-11 
7.4E-11 
7.6E-11 
7.7E-11 
7.4E-11 
7.4E-11 
7.6E-11 
7.5E-11 

4.1 
4.2 
4.4 
4.2 
4.0 
4.5 
4.1 
4 .0  
4.2 
3.9 
3.9 
4.2 
4.3 
4.5 
4.3 
4.0 
4.2 
4.1 
4.2 
4.2 

Notes: 
1) The dose estimates in this table include the contribution from the decay of deposited plutonium-241 
2) E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Devlalion 
51 Sv = Sievert: 1 Sv = 100 rem 

Inhalation 01 Immersion in 
Resuspended Parliculates Resuspended Particulates 

I 

2.2E-17 5.0 
2.3E-17 4.9 
2.4E.17 5.0 
2.4E-17 4.9 
2.4E-17 4.7 
2.5E-17 5.1 
2.5E-17 4.7 
2.5E-17 4.8 
2.6E- 17 4.9 
2.6E-17 5.1 
2.6E.17 5.1 
2.6E- 17 4.9 
2.7E-17 5.1 
2.7E-17 4.6 
2.7E-17 5.1 
2.8E. 17 4.6 
2 . a ~ . i 7  5.3 
2.8E-17 4.9 
2.8E-17 5.1 
2.8E-17 4.8 

I 

I 1 Total Dose 
GMtISvlyearl GSD 

I 
l,.8E-07 
1,.8€.07 
1.8E-07 
1,.8€-07 
1, .9E-O7 
1.9E-07 
2.OE-07 
2.OE-07 
2.OE-07 
2.OE.07 
2.1E.07 
2.1 E-07 
2.1E-07 
Z.lE.07 
2.1E.07 
2.2E-07 
2.2E-07 
12.2E-07 
I2.2E-07 
j2.2E-07 

3.7 
3.7 
3.7 
3.6 
3.8 
3.9 
3.7 
3.7 
3.9 
3.8 
3.7 
3.6 
3.7 

3.7 
3.7 
3.8 
3.9 
3.8 
3.8 

3.a 

I 
I 
I 
I 
I 
I 
I 
I 

I 

j 
i 
I '  
I 
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PMhw@~Spec I tk  Dosea Assodnod rrkh Dopostled Amrlc(um241 DS a Reruk 01 the 903  Pad Release 
Sector ZA 
I1 970-1 9891 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

i 9 7 a  

4.5E-10 4.8 
4.6E.10 4.8 
4.8E-10 5.1 
4.8E-10 4.8 
4.9E-10 4.4 
5.OE-10 5.1 
5.OE.10 4.7 
5 . lE -10  5.0 
5.2E-10 5.0 
5.2E-10 5.1 
5.3E-10 4.7 
5.4E-10 4.8 
5.4E-10 5 .3  
5.5E-10 4.8 
5.5E-10 4.7 
5.6E-10 5.0 
5.7E-10 4.6 
5.7E.10 5.3 
5.7E-10 4.7 
5.7E.10 4.7 

l . l E - 0 7  4.0 
1. lE-07 4.2 
1.lE-07 4.2 
1.1E.07 4 .0  
l . l E - 0 7  4.3 
1.2E-07 4.2 
1.2E.07 4.3 
1.2E-07 4.1 
1 . X - 0 7  4.3 
1.2E-07 4 .1  
1.2E-07 4.1 
1.2E-07 4.1 
1.3E.07 4.3 
1.3E.07 3.9 
1.3E-07 4.2 
1.3E-07 4.2 
1.3E-07 4.1 
1.3E.07 4.0 
1 . X - 0 7  4.3 
1.3E-07 4.1 

Vegetable Ingestion Ground Eiposure 

1 

5.7E-10 3.5 
5.8E-10 3.5 
6.OE-10 3.5 
6.1E-10 3.4 
6.1E-10 3.4 
6.3E.10 3.6 
6.3E-10 3.4 
6.4E.10 3.6 
6.6E-10 3.5 
6.6E-10 3.5 
8.7E-10 3.6 
6.7E-10 3.6 
6.8E-10 3.5 
6.9E-10 3.5 
7.OE.10 3.4 
6.9E.10 3.4 
7.1E-10 3.5 
7.1E.10 3.5 
7. lE-10 3.5 
7.2E-10 3.6 

Wheat Ingestion 
GM (Svlvearl GSD 

Z.lE.10 4.9 
2 . lE -10  4.8 
2.2E-10 5 .0  
2.2E-10 4.9 
2.2E-10 4.9 
2.3E.10 4.8 
2.3E-10 4.8 
2.3E-10 4.8 
2.4E-10 4.9 
2.4E-10 5.1 
2.4E.10 4.7 
2.4E-10 4.8 
2.5E-10 5.1 
2.5E-10 5.1 
2.5E-10 5.2 
2.5E-10 4.8 
2.5E-10 4.8 
2.6E-10 4.8 
2.6E-10 5.1 
2.6E-10 4.5 

Notes: 
11 The dose esthetes in this table include the contribution Ifom the decay 01 deposited plutonium-241 
21 E.01 is the same as the value divided by 10': E.02 is the same as the value divided by 10'; elc. 
31 G M  = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sieverl; 1 Sv = 100 rem 

Milk ingestion Beel Ingestion 
GM (Svlyearl GSD I G M  lSvlyearl GSD 

2.9E-11 5.4 
3.OE-11 5.2 
3.OE.11 5.7 
3.1E.11 5.5 
3.1E-11 5.2 
3.ZE-11 5.5 
3.2E-11 6.1 
3 . X - 1 1  6.0 
3 . E - 1 1  5.9 
3.4E-11 5.8 
3.4E.11 5.8 
3.4E-11 5.5 
3.5E-11 5.8 
3.5E-11 5.7 
3.6E-11 5.9 
3.6E-11 5.4 
3.6E.11 5.8 

3.7E.11 5.2 
3.7E.11 5.8 

3 . 6 ~ - 1 i  5.8 

4. lE-11 4.2 
4.2E-11 4.1 
4 . X - l t  4.2 
4 . 6 1 1  4.1 
4.5E.11 4.3 
4.5E.11 4.5 
4.8E-11 4.0 
4.6E-11 4.5 
4.8E-11 4.3 
4.8E-11 4.5 
4.8E-11 4.2 
4.7E-11 4.4 
5.OE-11 4.0 
4.9E-11 4.3 
5.1E.11 4.0 
5.OE-11 4 .1  
5.OE-11 4.2 
5. lE-11 4.3 
5.lE-11 3.8 
5.OE.11 4.1 

Inhalation 01 
Resuspended Partl~uIates 

GM ISvlyearl GSD 

9. lE-10 4 .6  
9 . E - 1 0  4 .5  
9.6E-10 4.8 
9.7E- 10  4.7 
9.9E-10 4.7 
1.OE-09 4.8 
1 .OE.09 5.1 
1 .OE-09 4 .9  
1 .OE.09 5.0 
1.1 E-09 5.2 
l . lE -09  4.9 
1.lE.09 5.0 
l . l E - 0 9  4.6 
t . lE.09 4.9 
l . lE.09 5.0 
l . l E - 0 9  4.9 
1.lE.09 4.8 
l . lE .09  4.7 
l . lE .09  4.9 
1.2E-09 4.8 

Immersion in 
Resuspended Particutales 

GM ISvlyearI GSD 

1.5E-17 4.5 
1.5E.17 4.5 
1 . E - 1 7  4.7 
1.6E-17 4.9 
1.6E-17 4.7 
1.7E-17 4.9 
1.7E.17 5.3 
1.7E.17 5.0 
1.7E-17 4.8 
l.7E-17 5.1 
1.8E-17 4.9 
1.8E.17 5.1 
1.8E-17 4.5 
1.8E-17 4 .9  
1 . a ~ - i  7 4 .9  
1.9E.17 5 . 0  
1.9E.17 4.7 
1.9E-17 4.8 
1.9E.17 4.9 
1.9E-17 5.0 

~ ~~ 

Total Dose 
GM ISvlyaarl OS0 

1.2E.07 3.8 

1.2E-07 1.3E-07 3.8 3.5 

1.3E.07 3.9 
1.3E.07 3.8 
1.3E.07 3.8 
1.3E.07 3.7 
1.4E.07 3.8 
1.4E-07 3.7 
1.4E.07 3.7 
1.4E-07 3.8 
1.4E.07 3.8 
1.4E.07 3.5 
1.4E.07 3.8 

1.5E-07 3.7 
1.5E.07 3.8 

1.SE.07 3.8 

1.2E-07 3.7 

I.OE.O~ 3.a 

i . 5 ~ . 0 7  3.8 



Pnhwal -Spdk Doses Aslodnrd *mh D.DoJIod Amorklum-241 as a Resull of the 903 Pad Rdaasa 
saclor 28 
I 1  970- 19891 

Year Soil lngestlon Vegetable Ingestion 
GM ISvlyearl GSD GM ISvlyearl GSO 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Milk Ingestion 
GM (Svlyearl GSD 

5.6E-11 
5.7E-11 
5.8E-11 
5.9E-11 
6.OE-11 
6.1E-11 
6.2E-11 
6.3E-11 
6.4E.11 
6.5E-11 
6.5E-11 
6.6E-11 
6.6E-11 
6.8E-1 1 
6.8E- 11 
6.8E.11 
6.9E-11 
7.OE-11 
7.OE.11 
7.lE-11 

Inhalation of 
Beef Ingestion Resuspended Particulates 

GM ISvlyearl GSD GM (Svlyearl GSD 

4.9 
4.8 
5.1 
4 .9  
4.8 
4.7 
4.8 
4.7 
4.7 
5.1 
5.2 
5.0 
4.7 
4.6 
4.6 
5.2 
4.9 
4.7 
5 .0  
5.0 

1.3E-08 
1.3E-08 
1.4E-08 
1.4E-08 
1.4E-08 
1.4E-08 
1.4E-08 
1.5E-08 
1.5E-08 
1.5E-08 
1.5E.08 
1.5E.08 
1.6E-OB 
1.6E-08 
1 XE.08 
1.6E-06 
1.6E-08 
1.6E-08 
1.6E-08 
1.6E.08 

4.0 
4.4 
4.0 
4.0 
4.3 
4.0 
4.2 
4.0 
3.9 
4.2 
4.3 
4.1 
4.2 
4.3 
4.3 
4.3 
4.1 
4.2 
3.9 
4.1 

Ground Exposure 
GM (Svlyearl GSO 

7.OE-11 
7.2E-11 
7.4E-11 
7.5E-11 
7.6E-11 
7.7E-11 
7.8E-11 
7.9E-11 
8.1E.11 
8.lE-11 
8.2E-11 
8.3E-11 
8.3E-11 
8.4E.11 
8.6E-11 
8.6E-11 
8.6E-11 
8.8E-11 
8.8E-11 
8.9E- 11 

3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.4 
3.4 
3.5 
3.5 
3.6 
3.5 
3.5 
3.5 

Wheat Ingestion 
GM ISvlyearl GSO 

2.5E-11 
2.6E-11 
2.6E-11 
2.7E-11 
2.7E-11 
2.8E-1 I 
2.8E-11 
2.9E-11 
2.9E-11 
2.9E-11 
3.OE-11 
3.OE-11 
3.OE-11 
3.lE-11 
3.lE-11 
3.lE-11 
3.lE-11 
3.2E-11 
3.2E-11 
3.2E-11 

5.1 
4.6 
5.2 
4.6 
5 .0  
4.8 
5.0 
5.3 
4.7 
4.9 
5 .0  
5 .0  
5.2 
5 .0  
5.1 
4.9 
4.7 
4.6 
5 .0  
5.1 

Notes: 
11 The dose eslhnales in lhis teble include the contribution from the decay of deposited plutonium-241 
21 E-01 is the same as the value dlvided by 10'; E.02 is the same as the value divided by 10'; elc. 
3) GM = Geometric Mean 
41 GSD - Geometric Standard Deviation 
51 Sv = Sievert; 1 Sv = 100 rem 

3.6E-12 
3.7E-12 
3.7E-12 
3.8E-12 
3.8E-12 
3.9E-12 
4.OE-12 
4.OE-12 
4.1E-12 
4.lE-12 
4.2E-12 
4.2E-12 
4.3E-12 
4.3E-12 
4.3E-12 
4.4E-12 
4.4E.12 
4.4E-12 
4.5E-12 
4.5E-12 

5.4 
5.5 
5.7 
5.7 
5.8 
5.7 
5.3 
5.7 
5.5 
5.2 
5.6 
5.6 
5.5 
5.5 
6.0 
5.4 
5.7 
5.7 
5.7 
5.7 

5.1E.12 
4.9E-12 
5.lE-12 
5.3E-12 
5.5E-12 
5.5E- 12 
5.7612 
5.6E- 12 
5.7E- 12 
5.6E-12 
6 .0512 
5.8E-12 
5.9E-12 
6.OE.12 
6.1E-12 
6.3E.12 
6.4E. 12 
6.2E-12 
6.3E-12 
6 .4512 

4.3 
4.3 
4.0 
4.1 
4.3 
4.1 
4.3 
4.4 
4.2 
3.8 
4.4 
4.1 
4.0 
4.1 
4.5 
4.2 
4.5 
4.0 
4.3 
4.2 

1.1E-10 5.1 
l.lE.10 4.7 
1.2E.10 5 .O 
l.2E.10 4.9 
1.2E.10 5 .0  
1.2E.10 4.7 
1.2E.10 4.8 
1 . X - 1 0  4.4 
1.3E.10 4.7 
1.3E-10 5.5 
1.3E.10 4.5 
1.3E.10 5.0 
1.3E.10 4.8 
1.4E-10 4.8 
1 .N-10 4.7 
1.4E-10 4.8 
1.4E-10 4.4 
1.4E-10 4.9 
1.4E.10 4.7 
1.4E-10 4.8 

lmmerslon In 
Resuspended Perllculates 

1.9E. 18 
1.9E.18 
1.9E.18 
2.OE-18 
2.OE- 18 
2.OE- 18 
2.1E.18 
2.lE-18 
2.1E-18 
2.2E-18 
2.2E-18 
2.2E-18 
2.2E-18 . 
2.2E-18 
2.3E- 18 
2 . E - 1 8  
2.3E-18 
2.3E- 18 
2 . X - 1 8  
2.4E-18 

5.1 
4.7 
5.1 
4.8 
4.9 
4.8 
4.7 
4.4 
4.8 
5.3 
4.5 
5.0 
4.7 
4.7 
4.1 
5.0 
4.5 
4.9 
4.9 
4.9 

/1.5E.08 
!1.5E-08 
11.5E-08 
11.5E-08 

1.6E-08 
11 XE.08 
1.6E-08 

11.7E-08 
I 1.7E-08 ' 1.7E.08 

1.8E-08 

1.8E-08 
1 .8E-08 

3.8 
4.0 
3.6 
3.8 
3.9 
3.7 
3.7 
3.7 
3.5 
3.7 
3.8 
3.7 
3.7 
3.8 
3.9 
3.8 
3.8 
3.8 
3.6 
3.7 

I I  
I 
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PnhwapSp.clflc Do ie i  AiroclWed r k h  O o p d l d  Arn.rlclurn-241 a i  n Resull of the 903 Pad Relaese 
Smclor 3A 
(1970.19891 

Beef lngeslion 
GM (Svhearl GSO 

lnnnerslon In Inhalation 01 
Resuspended Particulates Resuspended Perlkulates Tole1 Dose 

GM (Svlyearl GSD GM ISvlyearI GSD GM ISvlyearI GSD 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

4.1E.11 4.8 
4.2E-11 5.0 
4.3E.11 4.8 
4.4E-11 4.4 
4.4E-11 4.7 
4.5E.11 4.7 
4.5E-11 4.8 
4.6E-11 . 4 . 9  
4.7E-11 5.0 
4.7E.11 4.7 
4.8E-11 5.1 
4.8E-11 6.1 
4.9E-11 6.2 
4.9E-11 5.0 
5.OE-11 4 .9  
5.OE-11 5 .0  
5.1E-11 5.1 
5.1E-11 4.8 
5.2E-11 4.7 
5.2E-11 4.7 

9 . E - 0 9  4.3 
9.7E-09 4.1 
1.OE-08 4.0 
1 .0508 4.0 
1.OE-08 4.1 
1.OE-08 4.1 
1.1E-08 4.2 
1.1E-08 4.1 
1.lE-08 4.4 
l . lE.08 4.3 
l . lE .08 ,  4.2 
1.lE-08 3.9 
1.1E-08 4.1 
1.2E-08 4.1 
1.2E-08 4.4 
1.2E-08 4.0 
1.2E.08 4.0 
1.2E-08 4.2 
1.2E-08 4.2 
1.2E-08 4.1 

Ground Exposure 
GM ISvlyearI GSD 

5.2E-11 3.6 
5.3E-11 3.5 
5.4E-11 3.4 
5.5E-11 3.6 
5.6E.11 3.4 
5.6E-11 3.5 
5.7E-11 3.5 
5.8E.11 3.5 
5.9E.11 3.5 
5.9E-11 3.5 
6.OE.11 3.6 
6.1E-11 3.4 
6.1E-11 3.5 
8.2E-11 3.5 
6.3E.11 3.5 
6 . X - 1 1  3.5 
8.4E.11 3.6 
6.4E-11 3.4 
6.5E-11 3.4 
6.5E-11 3.6 

Wheat Ingestion 
GM ISvhearl GSO 

1.9E-11 4.8 
1.9E-11 4.6 
1.9E-11 5 . 2  
2.OE-11 4.7 
2.OE-11 4.6 
2.OE-11 4.9 
2.1E-11 4.7 
2.1E-11 .4.9 
2.1E-11 5.1 
2.2E-11 4.9 
2.2E-11 4.9 
2.2E-11 5.0 
2.2E-11 4.6 
2.2E-11 5.0 
2.3E-11 4.9 
2.3E-11 4.9 
2.3E-11 4.9 
2.3E-11 5.1 
2.3E-11 5.0 
2.4E.11 5.1 

Notes: 
11 The dose eslbnates in (his table Include lhe contribution from the decay of deposiled plutonium-241 
2) E-01 is the same os the value divided by 10'; 6 0 2  is the same es the value divided by 10'; etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Slendard Devietion 
51 Sv = Sleverl: 1 Sv = 100 rem 

Milk Ingestion 
GM (Svlyearl GSD 

2.6E-12 5.6 
2.7E.12 6.5 
2.76.12 5.7 
2.8E-12 5.4 
2.8E.12 5.6 
2.9E-12 6.2 
2.9E.12 5.5 
3.OE-12 5.7 
3.OE-12 5.8 
3.OE-12 5.3 
3.1E.12 5.4 
3.1E-12 5.8 
3.2E-12 5.4 
3.2E-12 5.5 
3.1E.12 5.6 
3.2E-12 5.7 
3.3E-12 5.4 
3.2E-12 6.0 
3.3E.12 5.5 
3.3E.12 5.2 

1 01 1 

3.6E-12 
3.7E-12 
3.8E-12 
3.8E-1 2 
3.9E-12 
4.OE-12 
4.1E-12 
4.2E-12 
4.2E. 12 
4 . E - 1 2  
4.4E-12 
4 . X - 1 2  
4.3E.12 
4.4E-12 
4.3E-12 
4.5E-12 
4.5E-12 
4.6E.12 . 
4.7E-12 
4.6E.12 

4.2 
4.5 
4.4 
4.4 
4.5 
3.9 
4.0 
4.3 
4.5 
4.1 
4.2 
4.1 
4.1 
4.2 
4.2 
4.2 
4.2 
4.4 
4.3 
4.1 

8.ZE-11 
8.4E-11 
8.6E-11 
8.8E-11 
8.8E.11 
9.OE-11 
9.lE-11 
9.3E-11 
9.4E-1 1 
9.5E.11 
9.7E-11 
9.7E.11 
9.8E.11 
9.9E-11 
1 .OE-10 
1 .OE-10 
1.M-10 
l.OE.10 
1.OE-10 
1.OE.10 

4.8 
5.1 
4.7 
4.7 
4.9 
5.0 
4.8 
4.9 
4.9 
5.0 
4.6 
4.8 
4.5 
4.9 
5.1 
4.8 
4.8 
5.0 
4.8 

, 4.5 

1.4E-18 4.8 
1 . a - 1 8  5.1 
1.4518 4.8 
1 .5E-18 4.7 
1.6E-18 4.8 
1.5E-18 4.9 
1.551 8 4.8 
1 .I€- 18 5.2 
1.6E-18 4.9 
1.6E-18 5.0 
1.W-18 4.7 
1.6E.18 4.7 
1.6E.18 4.5 
i . 6 ~ - i a  5.0 
1.7E-18 5.1 
1 .7E- 18 4.9 
1.7E-18 4.8 
1.7E-18 5.0 
1.7E-18 4.8 
1.7E- 18 4.8 

l.lE.08 3.8 
l.lE.08 3.7 
1.1E-08 1.lE-08 3.8 3.8 

1.1E-08 3.7 

1.2E-08 3.8 
1.2E.08 3.8 
1.2E-08 3.9 
1.2E-08 3.8 
1.2E-08 3.7 
1.2E.08 3.8 
1.3E.08 3.7 
1 . X - 0 8  3.8 
1.3E.08 4.0 
1.3E-08 3.5 
1.3E.08 3.8 
1 .X-08 3.8 
1.3E.08 3.7 
1.3E.08 3.7 

1 . 2 ~ - 0 a  3.8 



Pathway-Speclflc Doses Assodaed wlth Deposited Amerklum-241 a i  a Rasuh of the 903 Pad Relaese 

Vegetable lngestlon 
GM ISvlyear) GSD 

Sactor 38 
(1970-1989) 

Ground Exposure Wheal Ingestion Milk Ingestion Bee1 Ingestion 
GM Itvlyear) GSD GM (Svlyear) GSD GM ISvlvearI GSD GM ISvlyear) GSD 

Year - 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation of 
Resuspended Particuletas. 

GM ISvlvearl GSD 

1.2E-09 5.2 
1 3 - 0 9  4.8 
1.3E-09 4.7 
1 .X-09 5.0 
1.3E.09 4.8 
1.4E-09 4.8 
1.4E-09 4.8 
1.4E-09 4.5 
1.4E-09 4.9 
1.4E.09 4.7 
1.4E-09 5.3 
1.5E-09 5.0. 
1.5E.09 4.9 
1.5E-09 4.8 
1.5E-09 4.5 
1.5E.09 4.8 
1.5E-09 4.6 
1.5E.09 5.0 
1.5E-09 4.9 
1.6E-09 4.6 

Soil Ingestion 
GM ISvlyearl GSD 

Immersion in I 

GM (Svlyearl GSD 
Resuspended Particulates 

2.W-17 5.1 
2.1E-17 4.8 
2.lE-17 4.8 
2.2E-17 5.1 
2.2E-17 4.9 
2.2E. 17 4.8 
2 . E - 1 7  5.0 
2:3E-17 4.6 
2.3E-I7 5.0 
2.4E-17 4.7 
2 . 4 5  1 7 5.3 
2.4E-17 5.0 
2.4E-17 4.8 
2.5E-17 4 .9  
2.5E-17 4.6 
2.5E-17 4.7 
2.5E-17 4.8 
2.6E-17 5.1 
2.6E-17 4.9 
2.6E-17 4.6 

6.2E-10 
6 . X - 1 0  
6.4E-10 
6.6E.10 
6.6E-10 
6.7E-10 
6.8E-10 
6.9E-10 
7.OE-10 
7.1 E- 10 
7.2E-10 
7 . X - 1 0  
7.3E-10 
7.4E-10 
7.5610 
7.6E-10 
7.6E-10 
7.7E-10 
7.7E-10 
7.8E.10 

5.1 
5.1 
4.7 
4.4 
4.6 
5.1 
5.1 
5.1 
4.5 
4.9 
5.1 
4.7 
4.7 
4.8 
5.2 
4.7 
5.2 
4.9 
4.7 
4.8 

1.4E-07 
1.5E-07 
1.5E.07 
1.5E-07 
1.5E-07 
1.6E-07 
1.6E-07 
1.6E-07 
1.6E-07 
1.7E.07 
1.7507 
1.7E-07 
1.7E-07 
1.7E-07 
1.7E.07 
1.7E-07 
1.8507 
1.8E-07 
1.8E-07 
1.8E-07 

4.4 
3.9 
4 .0  
4.2 
4.2 
4.1 
4.1 
4.1 
4.0 
4.4 
3.9 
4.2 
4.2 
4.0 
4.1 
4.2 
4.3 
3.9 
4.0 
3.9 

7.7E-10 
7.9E-10 
8.1 E-10 
8.2E-10 
8.X-10 
8.5E-10 
8.6E-10 
8.7E-10 
8.9E-10 
8.9E-10 
9.1E-10 
9.2E-10 
9.2E-10 
9.3E-10 
9.4E-10 
9 .5510 
9.5E-10 
9.6E-10 
9.7E-10 
9.8E-10 

3.5 
3.5 
3.5 
3.4 
3.5 
3.6 
3.5 
3.5 
3.5 
3.4 
3.6 
3.4 
3.6 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 

2.8E-10 
2.8E-10 
2.9E-10 
3.OE-10 
3.OE-10 
3.tE-10 
3.1E-10 
3.2E.10 
3.2E-10 
3.2E-10 
3.3E-10 
3.3E.10 
3.3E-10 
3.3E-10 
3.4E-10 
3.4E-I0 
3.5E-10 
3.5E-10 
3.5E-10 
3.6E-10 

5.2 
5 .0  
4.7 
4.6 
4.8 
4.9 
4.9 
5.1 
5 .0  
5.3 
5.0 
4.8 
4.8 
4.9 
4.6 
4.8 
5.1 
4.9 
5.1 
4.9 

3.9E-11 5.8 
4.OE-11 5.9 
4.1E-11 5.6 
4.2E-11 5.5 
4.2E-11 6.0 
4.4E-11 5.8 
4.3E-11 5.6 
4.5E-11 5.7 
4.5E.tt 5.8 
4.5E-11 5.6 
4.6E-11 5.9 
4.7E-11 5.8 
4.7E-11 5.4 
4.7E.11 5.8 
4.8E-11 5.3 
4.7E-11 5.28 
4.8E-11 5.7 
4.9E-11 5.5 
4.9511 5.4 
5.OE-11 5.8 

5.5E-11 
5.5E-11 
5.7E-11 
5.8E-11 
5.9E-11 
6.OE-11 
6.1E-11 
6.3E-11 
6.4E-1 1 
6.4E.11 
6.7E-11 
6.5E-11 
6.8E-11 
6.8E- 11 
6.8E-11 
6.6E-11 
7.05 11 
6.9E-1 1 
6.8E-11 
7.2E-11 

4.4 
4.3 
4.4 
4.3 
4.3 
4.4 
4.5 
4.3 
4.3 
4.1 
4.3 
4.2 
4.1 
4.3 
4.0 
4.1 
4.2 
4.4 
4.1 
4.6 

Notes: 
1) The dme estirnales in this table include the contribution from the decay of deposited plutonium-241 
21 E-01 is the same as the valua divided by 10': E-02 is the same as the value divided by 10': etc. 
3) GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sievert: 1 Sv = 100 rem 

1 Of 1 

1 , Total Dose 
GM ISvlvenr) GSD 

' 1 6E 0 7  1 1:6E:07 
, 1.7E.07 
1 1.7E-07 
' l.7E-07 

i i:::::; 
i :::::Xi 
I (.BE-07 

1.9E.07 
1.9E.07 
1.9E-07 
1.9E.07 
2.OE-07 
2.OE-07 
2.OE-07 
2.OE.07 
2.OE-07 
2.OE-07 

3.9 
3.5 
3.8 
3.7 
3.8 
3.7 
3.7 
3.7 
3.8 
3.8 
3.5 
3.7 

3.8 
3.8 
3.8 
3.9 
3.5 
3.8 
3.5 

3.7, 



Pnhwey-Speclflc Doses Assoclned whh Deposltrd Amerlctum-241 es e Result 01 the 903 Ped Release 
Sector 4A 
11970-19891 

Milk Ingestion 
GM (Svlyearl GSD 

1.X-10 6.1 
t.3E-lQ 5.6 
1.3E.10 5.7 
1.4E-10 5.7 
1 . N - 1 0  5.7 
1.4E-10 6.2 
1.5E-10 5.6 
1.5E-10 5.6 
1.5E.10 5.6 
1.5E.10 5.6 
t.5E.tO 5.8 
1.5E.10 5.3 
1.6E-10 5.8 
1.6E-10 5.9 
1.6E.10 5.9 
1.6E-10 6.t 
1.7E.10 5.4 
1.6E.10 5.8 
1.7E.10 5.9 
1.7E-10 5.7 

- 
Year 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

- 

Bee1 Ingestion 
GM ISvlyearl GSO 

1.8E-10 4.2 
(.BE-10 4.2 
1.9E-10 4.2 
1.9E-10 4.2 
2.OE-10 4.2 
2.OE.10 4.2 
2.lE.10 4.3 
2.tE-10 4.2 
2.lE-10 3.9 
2.lE-10 4.2 
2.2E-10 4.1 
2.lE-10 4.1 
2.2E-10 4.5 
2.2E.10 4.2 
2 . X - 1 0  4.3 
2.3E-10 4.4 
2.3E.10 4.1 
2.3E-10 4.5 
2 .N-10 4.4 
2.3E-10 4.3 

Sol1 Ingestion 
GM @/year1 GSD 

Vagetable Ingestion 
GM (Sv/yearl GSO 

2.lE-09 5.0 
2.1E-09 5.1 
2.1E-09 5.3 
2.2E-09 4.8 
2.2E.09 4.6 
2.2E.09 5.1 
2.3E.09 4.8 
2 . X - 0 9  4.9 
2 . E - 0 9  5.0 
2.4E.09 4.6 
2.4E.09 4.8 
2.4E-09 5.1 
2.4E.09 4.8 
2.5E-09 4.8 
2.5E-09 5.1 
2.5E-09 5.1 
2.5E-09 5.0 
2.W-09 5.0 
2.6E-09 5.2 
2.6E-09 5.1 

Ground Exposure 
GM (Sv/yearl GSD 

I 

4.8E-07 4.3 
4.9E-07 4.2 
4.9E-07 4.3 
5.lE-07 4.2 
5.1E.07 4.2 
5.2E-07 4.1 
5.3E-07 3.9 
5.4E-07 4.2 
5.4E-07 4.1 
5.5E-07 4.2 
5.5E.07 4.0 
5.6E-07 4.3 
5.7E-07 4.0 
5.7E-07 4.4 
5.EE-07 4.2 
5.EE.07 4.1 
5.9E.07 4.0 
5.9E-07 4.0 
5.9E-07 4.0 
6.OE-07 4.1 

2.6E-09 
2.6E-09 
2.7E.09 
2.7E.09 
2.EE.09 
2.8E-09 
2.9E.09 
2.9E-09 
2.9E-09 
3.OE-09 
3.OE-09 
3.OE.09 
3.1E.09 
3.1 E.09 
3.1E.09 
3.2E-09 
3.2E.09 
3.2E.09 
3.2E.09 
3.3E-09 

3.5 
3.4 
3.5 
3.5 
3.4 
3.5 
3.5 
3.5 
3.6 
3.5 
3.5 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 
3.6 
3.5 
3.5 

I 

Wheat Ingestion 
G M  (Svlyearl GSD 

9.3E-10 5.4 
9.4E-10 5.0 
9.7E-10 4.6 
9 . E - 1 0  4.8 
1.OE.09 4.8 
1.OE.09 4.8 
1.OE-09 5.2 
1.OE-09 4.9 
l . lE.09 5.1 
l . lE.09 4.E 
1.lE-09 4.7 
1.tE-09 5.0 
1.lE-09 5.1 
l . lE-09 4.9 
l . lE.09 4.8 
l . lE-09 4.7 
l . lE-09  4.9 
1.2E.09 4.8 
1.2E-09 5.0 
1.2E-09 5.2 

Notes: 
11 The dose estimates in this table include the conrrlbulion I r a n  the decay of deposited ptulonium-241. 
21 E.01 is the same as the value divided by 10'; E.02 is the same as the value divided by 10': etc. 
31 GM = Geometric Mean 
41 GSO = Geometric SIandard Deviation 
51 Sv = Sievert; 1 Sv = 100 rem 

1 01 1 

- .  . .I 

Inhalation of 
Resuspended Particutales 

GM ISvlysarl GSO 

4.1E-09 4.7 
4.2E-09 4.7 
4.3E.09 4.6 
4.3E.09 4.9 
4.4E-09 4.9 
4.5E-09 4.9 
4.6E.09 4.7 
4.6E-09 4.9 
4.7E-09 4.8 
4.8E-09 4.8 
4.8E-09 4.9 
4.EE-09 4.9 
4.9E.09 4.5 
4.9E.09 4.9 
5.OE-09 6.1 
5.OE.09 5.0 
5.1E.09 4.9 
5.1 E.09 4.8 
5 . X - 0 9  4.7 
5.2E-09 4.8 

Immersion In 
Resuspended Perticulates 

GM (Svlyearl GSD 

6.8E-17 ' 4 3  
7.OE-17 4.8 
7.1E-17 4.6 
7.2E-17 5.0 
7.3E-17 4.9 
7.4E-17 4.9 
7.6E-17 4.9 
7.7E.17 4.8 
7.8E-17 4.8 
7.9E-17 4.8 
8.OE-17 5.0 
8.W- 17 4.9 
8.1E.17 4.5 
8 .2517 4.9 
8 . X - 1 7  5.3 
8.3E.17 4.8 
8.5E-17 4.7 
8.5E.17 4.9 
8.6E.17 4.6 
8.6E-17 4.9 

Total Dose 
GM lSv/yeerl GSO 

5.3E.07 3.8 
5.5E.07 3.7 
6.4E.07 3.9 
5.6E-07 3.8 
5.7E.07 3.8 
5.8E.07 3.7 
5.9E.07 3.5 
6.OE.07 3.8 
6.OE.07 3.7 
6:1E-07 3.7 
6.2E.07 3.8 
6.2E.07 3.9 
6.3E-07 3.6 
6.5E.07 3.9 
6.5E-07 3.8 
6.5E-07 3.7 
6.6E.07 3.6 
6.6E.07 3.5 
6.6E-07 3.8 
6.EE.07 3.7 



Pethwey-SpedRc Doses Auoclned *hh Dmoslted Amnldum.241 as e Resull 01 the 903 Ped Releere 
S.ctor 48 
(1970-19891 

Ground Exposure 
GM ISvlyearl GSD 

Year 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 

- 

Inhalation of 
Wheat Ingestion Milk Ingestion Beef Ingestion Resuspended Particulates 

GM ISvlvearI GSD GM ISvlyeerl GSD GM ISvlyearl GSD GM ISv/yearl GSD 
Soil Ingestion 

GM ISvlyeerI GSD 

3.E-08 
3.OE-08 
3.lE-08 
3.1E-08 

. 3.2E-08 
3.2E-08 
3.3E-08 
3.X-08 
3.4E-08 
3.4E.08 
3.4E.08 
3.5E-08 
3.5E-06 
3.5E-08 
3.6E-08 
3.6E-08 
3.6E-08 
3.7E-08 
3.7E-08 
3.7E-08 

5.1 
4.9 
4.7 
4.7 
4.9 
5 .0  
4.9 
4.9 
5.0 
4.8 
4.9 
5.0 
4.8 
5 .0  
4.6 
4 .9  
4.9 
4.8 
4.6 
5.1 

Vegetable Ingestion 
GM lSv/year) GSD 

6.9E-06 
7.OE-06 
7.2E-08 
7.3E-08 
7.4E-06 
7.5E-06 
7.6E-08 
7.7E-06 
7.8E-06 
7.9E-06 
8.OE-06 
8.1E-06 
8.2E-06 
8.2E-06 
8.3E-06 
8.4E-06 
8.4E-06 
8.W-06 
8.6E-06 
8.7E-06 

4.1 
4.2 
4.0 
4.2 
4.2 
4.2 
4.3 
4.2 
3.9 
4.1 
4.1 
4.0 
4.1 
4.2 
4.3 
4.0 
4.4 
4.2 
4.1 
4.2 

3.7E-08 
3.6E.08 
%BE-08 
3.9E-08 
4.OE-08 
4.1E.08 
4.1E-08 
4.2E-08 
4.2E-08 
4.3E-06 

4.4E-08 
4.4E-08 
4.5E-08 
4.5E-08 

4.6E-08 
4.6E-08 
4.6E-08 
4.7E-06 

4 x - 0 8  

~ S E - O ~  

1 .X-08 4.5 
1.4E-08 5.0 
1.4E-08 5.1 
1.4E-08 4.7 
1.4E-08 4.8 
1.5E.08 4.6 
1.5E-08 5.4 

1.5E-08 4.6 
1.5E-08 5.0 
1.6E.08 4.7 
1.6E.08 4.9 
1.6E-06 5.2 
1.6E-06 4.9 
1.6E-08 4.9 
1.6E-08 4.7 
1.6E-08 5.2 
1.7E-08 4.5 
1.7E-08 5.2 
1.7E-08 4.9 

i . ~ ~ - o a  4.5 

1.9E-09 
2.OE-09 
1.9E-09 
2.OE-09 
2.OE-09 
2.1E-09 
2.1E-09 
2.1 E-09 
2.2E-09 
2.2E-09 
2.2E .09 
2.2E-09 
2.3E.09 
2.3E.09 
2.3E.09 
2.3E-09 
2.3E-09 
2.3E-09 
2.4E.09 
2.4E-09 

6.4 
5.6 
5.6 
5.5 
6.1 
5.8 
5.9 
5.4 
5.6 
5.8 
4.9 
5.6 
5.1 
5.8 
6.1 
5.7 
5.6: 
5.7 
5.4 
5.9 

2.7E-09 
2.7E-09 
2.7E-09 
2.8E.09 
3.OE-09 
2.9E-09 
3.OE-09 
2.9E.09 
3.OE-09 
3.OE-09 
3.OE-09 
3.1E-09 
3.OE-09 
3.2E-09 
3 . X - 0 9  
3 . X - 0 9  
3.3E.09 
3.2E-09 
3 . X - 0 9  
3.3E-09 

4.6 
4.0 
4.2 
4.2 
4.5 
4.1 
4.4 
4.2 
4.4 
4.1 
3.9 
3.9 
4.1 
4.2 
4.3 
4.1 
4.1 
4.2 
4.1 
4.2 

5.9E-08 
6.OE-08 
6.2E-08 
6.X-08 
6.3E-08 
6.4E.08 
6.6E-OB 
6.6E-08 
6.E-08 
6.M-08 
6.9E-08 
8.9E-08 
7.OE.08 
7.1E.08 
7.2E-08 
7.2E-08 
7.3E-08 
7.4E-08 
7.4E-08 
7.5E-08 

5.1 
4.9 
5.4 
4.8 
4.9 
5.1 
4.8 
4.8 
4.7 
4.9 
4.8 
4.8 
4.8 
4.8 
5.2 
5.2 
5.1 
5.0 
4.8 
4.9 

3.5 
3.5 
3.5 
3.5 
3.4 
3.5 
3.5 
3.7 
3.4 
3.6 
3.5 
3.5 
3.4 
3.5 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 

Notes: 
11 The dose esthnates in this table include the contribution from the decay of deposited plutonium.241. 
2) E-01 is the same as the value divided by 10': E.02 is the fame as the value divided by 10': etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Siandard Deviation 
51 Sv = Sievert; 1 Sv = 100 rem 

I 
I 

Resuspended Pertlculates I Total Dose 
GM lSv l  ear) GM ISvl  ear) 

9.9E-16 5.1 
1.OE-15 4.8 
1.OE-15 5.3 
1.OE-16 4.8 
1.1E-15 4.8 
1 .lE-15 5.2 
1.1E-15 4.9 
l . lE.15 4.8 
l . lE-15  4 .8  
1.lE-15 5 .0  
1.1E-15 4.8 
l . lE.16 6.0 
1.2E-15 4.8 
1.2E-15 5.0 
1.2E-16 5.2 
1.2E.15 5.2 
1.2E-15 5.0 
1.2E-15 5.1 
l.2E-15 4.9 
1.2E-15 5 .0  

7.7E-08 

7.9E-06 

?.2E-06 

7.9E-06 

a.iE-08 

?.4E-06 
p.4e-08 

e.eE-06 

8.6E-06 
8.7E-06 

8.9E-06 
9.1E-06 
,9.0E-06 
,9.2E-06 

19.4E-06 
9.5E-06 ' 9.6E-08 

19.6E-06 

i9.4E-06 

I 9.7E-06 

3.7 
3.7 
3.7 
3.8 
3.8 
3.7 
3.9 
3.8 
3.5 
3.7 
3.7 
3.6 
3.7 
3.8 
3.8 
3.8 
3.8 
3.7 
3.8 
3.7 

I 
I 
I 
I 
I 
I 
i 

I 
I 

I 
! 
I 
I 
I 
I 

I 

I 
I 



PmthwopSpacIflc Dosos Assodotd wllh Doposhad Amarlclum-241 as a Rewh of tho 903  Pad Relaase 
Sector SA 
I 1  970- 19891 

Beel Ingestion 
GM ISvlyearl GSD 

- 
Veer 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1988 
1987 
1988 
1989 

- 

Inhalation 01 Immersion In 
Resuspended Parliculetas Resuspended Parllculates 

GM ISvlyearl GSD GM ISvlvearl GSD 

I '  

8.7E.10 
8.9E-10 
7.1E-10 
7.2E-10 
7.3E-10 
7.4E.10 
7.5E.10 
7.6E.10 
7.8E-10 
7.8E.10 
7.9E-10 
8.OE-10 
8.OE.10 
8.1E-10 
8.3E-10 
8.3E.10 
8 . X - 1 0  
8 . M - 1 0  
8.5E.10 
8.5E.10 

1.6E-07 
1.6E-07 
1.6E-07 
1.7E.07 
1.7E.07 
1.7E-07 
1.8E-07 
1.8E-07 
1.8E-07 
1.8E-07 
1 .8E.07 
1.9E.07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
1.9E-07 
2.OE-07 
2.OE-07 
2.OE-07 

4.2 
4.1 
4.2 
4.1 
3 .9  
4.1 
4.3 
4.0 
4.2 
4.1 
4.2 
4.1 
4.1 
4.1 
4.0 
4.2 
4.1 
4.2 
4.1 
3.9 

Soil lngestion Vegetable lngestlon 
G M  lSv/vearl GSD GM ISvlvearl GSD 

I 
4.8 
4.9 
5.0 
4.7 
4.8 
4.9 
4.9 
4.9 
4.9 
5.2 
4.7 
4.9 
4.8 
4.7 
4.6 
4.8 
4.5 
4.8 
4.8 
5.0 

Ground Eaposure 
GM ISvlyearl GSD 

8.5E-10 
8.7E.10 
8.9E-10 
9.OE.10 
9.1E-10 
9 . X - 1 0  
9.4E-10 
9.5E-10 
9.7E.10 
9.8E-10 
9.9E.10 
1 .OE.09 
1.OE.09 
1.OE-09 
l.0E.09 
1.OE.09 
1 .OE.09 
1.1E.09 
1.1 E.09 
1 .lE.09 

3.5 
3.4 
3.4 
3.5 
3.7 
3.5 
3.5 
3.5 
3.4 
3.6 
3.6 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.5 

3.1E-10 
3.1E.10 
3.2E-10 
3.3E.10 
3.3E-10 
3.4E.10 
3.4E-10 
3.5E-10 
3.5E-10 
3.5E.10 
3.6E.10 
3.6E.10 
3.6E.10 
3.7E-10 
3.7E-10 
3.8E-10 
3.8E.10 
3.8E-10 
3.8E-10 
3.9E-10 

Wheat lngestion Milk Ingestion 

5.0 
5.0 
5.1 
5.1 
4.8 
4.9 
5 .1  
5.2 
4.6 
5.1 
4.7 
4.7 
5.0 
5.3 
4.7 
4.6 
5.0 
5.0 
5.0 
4.6 

4.4E-1 1 
4.4E.11 
4.5E- 11 
4.6E.11 
4.6E-1 1 
4.BE-11 
4.8E-11 
4.9E. 11 
5.OE-11 
5.OE.11 
5.1E.11 
5. lE-11 
5.2E-11 
5.2E.11 
5.3E-11 
5.3E.11 
5 . X - 1 1  
5.3E-11 
5.4E-11 
5.4E.11 

5.5 
5.5 
6.2 
5.8 
5.8 
5.4 
6.2 
5.6 
5.8 
6.0 
5.7 
6.1 
5.6 
5.7 
6.0 
5.4 
5.6 
5.4 
6.3 
5.6 

Notes: 
11 The dose estimates In this table include the conlribullon lrom the decay of deposited plutonium-241. 
2) E.O1 is lhe same as the value divided by 10'; E-02 is tha same as the value divided by 10': elc. 
31 GM = Geometric Mean 
41 GSD - Geometric Standard Deviation 
51 Sv = Sieverr: 1 Sv = 100 cam 

6.1E-11 
6.3E-11 
6 . 5 6 1  1 
6.4E-11 
8.5E- 1 1 
6.9E-11 
6.7E-11 
8.9E.11 
7 . X - 1 1  
7.OE-11 
7.3E.l 1 
7.4E-1 1 
7.4E-11 
7.OE.11 
7.4E-11 
7.3E.11 
7.5E-11 
7.6E.11 
7.8E- 1 1 
7.6E.11 

4.3 
4.1 
4.4 
4.1 
4.0 
4.0 
4.6 
4.1 
4.2 
4.3 
4.1 
4.2 
4.1 
4.2 
4.5 
4.1 
4.2 
4.1 
4.5 
4.2 

1.3E.09 
1.4E.09 
1 . 6 0 9  
1.4E-09 
1 .5E.09 
1.5E.09 
1.5E.09 
1.5E-09 
1.6E-09 
1.8E.09 
1.6E.09 
1.6E-09 
1.6E-09 
1.6E.09 
1.7E.09 
1.7E-09 
1.7E.09 
1.7E.09 
1.7E-09 
1.7E.09 

4.9 
4.9 
5.1 
4.6 
4.9 
4.8 
5.0 
4.7 
4.9 
4.9 
5.0 
4.7 
5.2 
5.2' 
4.8 
4.8 
4.9 
5.0 
4.8 
4.9 

2.2E-17 
2.3E-17 
2.4E.17 
2.4E-17 
2 .4617  
2.4E.1 7 
2.5E-17 
2.5E-17 
2.6E-17 
2.6E-17 
2.8E-17 
2.7E.17 
2.7E-17 
2.7E- 17 
2.7E-17 
2.8E.17 
2.8E- 17 
2.8E.17 
2.8E- 17 
2.8E-17 

4.9 
4.9 
5.1 
4.6 
4.9 
4.6 
4.9 
4.8 
4.9 
6.1 
5.1 
4.7 
5.2 
6.4 
4.7 
4.8 
4.9 
5.0 
4.9 
4.9 

Total Dose 
GM ISvlvaarl GSD 

1.8E-07 
1.8E-07 
1.8E.07 
1.9E-07 
1.9E.07 
1.9E-07 
2.OE.07 
2.OE.07 
2.OE-07 
2.OE-07 
2.lE-07 
2.1E.07 
2.lE.07 
2.1E.07 
2.lE-07 
2.lE-07 
2.2E.07 
2.2E.07 
2.2E.07 
2.2E.07 

3 .7  
3.7 
3.7 
3.7 
3.8 
3.8 
3.9 
3.5 
3.7 
3.7 
3.8 
3.7 
3.7 
3.7 
3.7 
3.8 
3.8 
3.8 
3.7 
3.5 

1 01 1 



I 

PMhwey-SpoclAc Doror Auode1.d wlth 0epoalt.d Arn~rklum-241 os a Result 01 the 903 Pad Releais 
Sector 58 
11970-1989) 

Year Soil Ingestion Vegetable Ingestion 
GM Ibvlyearl GSD GM (Svlyear) GSD 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

2 . X - 1 0  
2.5E.10 
2.4E.10 
2. (E-10 
2.4E-10 
2.6E-10 
2.4E-10 
2.7E-10 
2.9E-10 
2.6E-10 
3.tE-10 
2.7E-10 
2.5E-10 
3.OE-10 
2.6E-10 
2.5E-10 
3.OE-10 
2.7E-10 
2.6E-10 
2.6E-10 

5.4 
4.9 
4.6 
4.7 
5.0 
4.8 
5.3 
5.0 
5.2 
4.8 
4.7 
4.6 
4.7 
5.2 
4.9 
5.1 
4.7 
4.7 
5.2 
4.8 

5 . X - 0 8  
5.lE-08 
5.6E-08 
6.lE-08 
5.5E-08 
5.7E-08 
5.9E-08 
6.3E-08 
6.1E-08 
7.5E-08 
6.3E-08 
7.7E-08 
6.7E-08 
7.OE-08 
6.7E .08 
5.7E-08 
7.6E-08 
7.2E-08 
7 . X - 0 8  
6.2E-08 

4.0 
4.4 
3.9 
4.4 
4.4 
4.0 
3.9 
3.9 
4.1 
4.1 
4.1 
4.1 
4.0 
3.9 
4.1 
3.9 
3 9  
3.9 
4.4 
4.1 

Ground Exposure 
GM (Svlysarl GSD 

2.9E-10 
3.1E-10 
2.8E-10 
3.1E-10 
3.lE-10 
3.2E-10 
2.9E-10 
2.9E-10 
3.4E-10 
3.6E-10 
3.5E-10 
3.4E-10 
3.4E-10 
3.5E-10 
3.6E-10 
3.2E-10 
3.6E-10 
3.8E-10 
3.9E.10 
3.7E. 10 

3.2 
3.4 
3.6 
3.6 
3.5 
3.4 
3.5 
3.7 
3.4 
3.4 
3.7 
3.4 
3.3 
3.4 
3.4 
3.4 
3.3 
3.5 
3.4 
3.6 

Wheat Ingestion 
GM (Svlyearl GSD 

9 . 9 5 1  1 
l . lE-10  
1. (E-10 
1.2E-10 
1.1E-10 
1.ZE.10 
1.2E-10 
1.2E-IO 
1.2E- 10 
1.2E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.2E-10 
1.2E-10 
1.3E-10 
1.3E-10 
1.3E.10 
1.3E.10 

4 .9  
4.8 
5.1 
4.8 
5.1 
5 .  t 
4.6 
5.6 
4.9 
5.3 
4.9 
4.8 
4.9 
4.5 
5.1 
4.8 
4.2 
5.1 
5 .0  
4.6 

Notes: 
11 The dose estimates in this (able include the contribution from the decay of deposited plutonium-241. 
21 E-01 is the same as the value divided by 10': E-02 is the same as the value divided by 10': elc. 
3l GM = Geometric Mean 
41 GSD = Geometric Standard Deviallon 
51 Sv = Sievert: 1 Sv = 100 rem 

Milk Ingestion 
GM (Svlyearl GSD 

1.5E-11 
1.5E-1 
1.5E-1 
1 . X - 1  
1.6E-1 
1.5E.l 
1.6E-1 
1.5E-1 
(.BE-1 
1.9E-1 
2.OE-1 
2.OE-1 
1.8E-1 
1.9E- 1 
1.8E-1 
1.7E-1 
1.9E. 1 
2.1E-1 
2.1E-1 
1.9E.l 

5.6 
5.3 
5.6 
5.4 
5.9 
5.7 
5.8 
5.6 
5.3 
5.9 
5.8 
5.8 
6.3 
6.1 
5.4 
5.8 
5.3 
5.6 
5.8 
6.2 

2.2E.11 
2.tE-1 
2.OE-1 
1.9E-1 
2.4E.l 
2 . 3 - 1  
2.1E.l 
2.4E-1 
2.5E-1 
2.5E-1 
2.6E.1 
2.8E-11 
2 . X - 1 1  
2.7E-11 
2.4E-11 
2.2E-11 
2.5E-11 
2.7E-11 
2.7E-11 
2.7E-11 

4.2 
4.0 
4.2 
4.2 
4.5 
4. t 
4.2 
4.3 
4.0 
4.3 
4.2 
4.5 
4.7 
4.4 
4.1 
4.0 
3.9 
4.2 
4.3 
4.1 

Inhalation of 
Beef Ingestion Resuspended Perticutetas 

4.8E-10 4.9 
5.2E-10 4.8 
4.2E-10 5 .0  
4. lE-10 4.9 
5.2E.10 6.1 
5 . 3 - I 0  5.0 
4.9E-10 4.7 
5.5E.10 4.8 
4.9E-10 5.1 
5.OE.10 4.8 
5.6E-10 4.5 
5.1E-10 4.8 
5.1E-10 4.8 
6.OE-10 5.4 
5.3E-10 4.6 
5.3E-10 4.7 
6.3E-10 6.0 
6.OE.10 4.8 
5.7E-10 5 .0  
5.4E-10 4.8 

Immersion In 
Resuspended Particulates 

GM I S V ~  earl GSD GM isvi earl GSO 

7.W-18 
8.6E-18 
6.8E-18 
7.OE- 18 
8.5E-18 
8.6E-18 
8.1E-18 
9.5E-18 
8.5E-18 
8.2E-18 
9.3E-18 
8 .6618 
8.M. 18 
1 .OE.l7 
8.8E-18 
9.OE. 18 
1 .OE-17 
9.7E-18 
9.9E- 18 
8.9E. 18 

5 .0  6.9E-08 
4.8 I 5.8E-08 
5.0 6.E-08 
5.0  1 8.9E-08 
5 .0  1 e.(€-08 
5.0  8.4E-08 
4.8 8.5E.08 
4.7 ' 6.9E-08 
5.1 '1 6.8E-08 
4.5 ' 8.2E-08 
4.5 I 7.M-08 

4.6 1 7.4E-08 
5.2 1 7.8E-08 
4.? 7.4E-08 
4.8 8.4E-08 
5.0 1 8.4E-08 

5 .0  

4.8 B . ~ E - o ~  

4.9 I 8.OE-08 

I '  
I 

3.8 
3.9 
3.5 
3.9 
4.0 
3.8 
3.6 
3.5 
3.7 
3.7 
3.6 
3.8 
3.8 
3.5 
3.7 
3.5 
3.5 
3.6 
3.9 
3.7 
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Pnhwm~Sp.elflc Dosmi Assoelatad rrflh Dopodtad Arnmrlclurn-241 as a Rasull 01 thm 903 Ped Ralaasa 
Smctor 6A 
11970-1 9891 

Beef lngesllon 
GM ISvlvearl GSD 

1.7E-11 4.3 
1.8E.11 4.2 
1.8E-11 4.0 
1.9E-11 4.1 
1.8E.11 4.2 
1.9E-11 4.4 
1.9E.11 4.2 
1.9E-11 4.3 
1.9E-11 4.2 
2.OE-11 4.4 
2.OE.11 4.1 
Z.OE.11 4.1 
2.OE-11 4.3 
2.1E.11 4.3 
2.lE.11 4.7 
2.lE-11 4.3 
2.1E-11 4.1 
2.2E-11 4.4 
2.1E-11 4.5 
2.lE-11 3.9 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

lnhalatlon of Immerslon In 
Resuspended Perticulates Resuspended Partlculatas 

GM ISvlveerl GSD GM ISvlvearl GSD 

3.8E-10 4.7 6 . X - 1 8  4.7 
3.9E-10 4.8 8.4E-18 5.0 
4.OE- 10 4.9 6.6E-18 5.1 
4.OE- 10 4.7 6.7E-18 4.7 
4.lE-10 4.8 6.8E-18 4.0 
4.2E-10 4.9 6.9E-18 4.9 
4.2E-10 4.9 7.M-18 4.8 
4 . X - 1 0  4.7 7. (E-18 4.7 
4.4E-10 4.5 7.2E-18 4.5 
4.4E.10 4.8 7 .X-18 4.9 
4.5E-10 4.8 7.5E-18 4.7 
4.5E.10 4.8 7.5E-18 4.8 
4.5E-10 4.8 7.5E-18 4.8 
4.6E.10 4.8 7.6E-18 4.8 
4.6E.10 5.0 7.7E- 1 8 5.0 
4.7E-10 4.8 7.7E- 18 4.8 
4.7E- 10 5.2 7.6E-16 5. I 
4.8E-10 4.7 8.OE- 18 4.7 
4.8E.10 4.8 7.9E-18 4.9 
4.8E.10 4.9 8.OE- 18 5.0 

Sol1 Ingesllon Vegetable Ingestion 

1.9E-10 4.7 
1.9E-10 5.0 
2.OE-10 ' 4.8 
2.OE.10 4.7 
2.1E.10 4.8 
2.lE-10 5.0 
2.1E-10 5.2 
2.lE-10 5.1 
2.2E-10 5.2 
2.2E-10 4.9 
2.2E.10 5.1 
2.2E.10 4.7 
2.3E.10 4.8 
2.3E-10 5.0 
2 . X - 1 0  4.9 
2.3E.10 5.1 
2.3E.10 4.8 
2.4E-10 4.8 
2.4E.10 4.8 
2.4E.10 4.8 

4.4E-08 4.2 
4.5E-08 3.8 
4.6E-08 3.9 
4.7E.08 4.1 
4.8E-08 4.1 
4.8E.08 4.4 
4.9E-08 4.2 
5.OE.08 4.4 
5.1E-08 4.0 
5.1E-08 4.0 
5.1E.08 4.3 
5.X-08 4.1 
5.3E.08 4.6 
5.3E.08 4.3 
5.4E-08 4.0 
5.4E.08 4.2 
5.4E-08 4.1 
5.5E.08 4.2 
5.6E.08 4.4 
5.5E-08 4.2 

~ 

Ground Exposure 
GM ISvlyaarl GSD 

2.4E-10 3.5 
2.4E-10 3.4 
2.5E-10 3.4 
2.5E- I0 3.4 
2.6E.10 3.4 
2.6E-10 3.5 
2.6E-10 3.6 
2.7E-10 3.6 
2.7E-10 3.5 
2.8E-10 3.4 
2.8E-I0 3.6 
2.8E-10 3.5 
2.6E.10 3.4 
2.9E-10 3.5 
2.9E-10 3.5 
2.9E-10 3.4 
2.9E-10 3.5 
3.OE-tO 3.5 
3.OE-10 3.4 
3.0E-tO 3.3 

Wheat Ingestion Milk Ingestion 

8.6E.11 5.0 
6.8E-11 5.2 
9.OE-11 5.1 
9.2E.11 5.1 
9.3E.11 5.0 
9.4E.11 4.9 
9.5E.11 4.7 
9.7E-11 4.8 
9.8E-11 5.5 
1.OE-10 5.1 
1.OE-10 4.7 
l.OE.10 4.6 
l.OE.10 4.6 
1.OE-10 5.0 
l . lE-10  5.3 
1.tE-10 4.9 
l . lE-10 5.3 
1.lE-10 5.0 
1.1E-10 4.8 
1.lE-10 4.7 

1.2E-11 6.4 
1.2E-11 5.8 
1.3E.11 5.4 
1 .X-11 5.9 
1 .E-11 5.4 
1.3E.11 6.2 
1.3E-11 5.9 
1.4E-11 5.4 
1.4E-11 5.7 
1.4E-11 5.7 
1.4E-11 5.5 
1.4E-11 6.0 
1.4E-11 5.6 
1.5E.11 6.0 
1.5E-11 5.8 
1.5E-11 5.8 
1.5E-11 5.8 
1.5E-11 5.9 
1.5E-11 5.8 
1.5E-11 5.3 

Notes: 
11 The dose estimates in lhls table include the contribution from the decav of deposited plutonium-241. 
2) E-01 is tho same as the value divided by 10': E-02 is the same as the value divided by 10': etc. 
31 GM - Geometric Mean 
41 GSO = Geometric Standard Deviation 
51 Sv = Sievert: 1 Sv = 100 rem 

Tom1 Dose 
GM ISvlyaarI GSD 

5.OE.08 3.8 
5.M-08 3.5 
5.1E-08 3.5 
5.3E.08 3.7 
5 . X - 0 8  3.6 
5.4E.08 3.9 
5.4E-08 3.8 
5.6E.08 3.8 
5.6E.08 3.6 
5.7E.08 3.7 
5.8E-08 3.8 
5.9E.08 3.7 
5.8E-08 4.2 
5.9E.08 3.8 
6.OE-08 3.6 
6.OE.08 3.7 
6.1E.08 3.7 
6.lE-08 3.8 
6.2E-08 4.0 
6. lE-08 3.8 
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Pathway-Speciflc bases A s i d a I d  with Dopodad Amerlcfum241 as e Rasuk 01 the 903 Ped Raleaia 
S.ctor 88 
11970-1989) 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Notes: 

Soil Ingestion 
GM ISvlyearI GSD 

2.2E-11 5.2 
2 . 3 - 1  
2 . X - 1  
2.4E-1 
2.4E-1 
2.5E-1 
2.5E-1 
2.5E-1 
2.6E-1 
2.6E-1 
2.6E-t 

4.9 
5.0 
4.8 
4.7 
5.4 
4.9 
5.0 
5.1 
5.0 
4.8 

2.6E-11 4.8 
2.7E-11 4.7 
2.7E-11 4.9 
2.7E-11 4.7 
2.7E.11 4.8 
2.8E-11 5.1 
2.8E-11 5.1 
2.8E-11 4.8 
2.8E-11 4.8 

Vegetable Ingestion 
GM ISvlvearl GSD 

5.2E-09 
5.3E-09 
5.4E-09 
5.5E-09 
5.6E-09 
5.7E-09 
5.8E-09 
5.9E-09 
6 .M-09 
6.OE-09 
6.lE-09 
8.1E-09 
6.2E-09 
6.3E-09 
6.3E.09 
6.4E-09 
6.4E-09 
6.4E-09 
6.5E-09 
6 . E - 0 9  

4 .0  
4.3 
4.2 
4.2 
4.2 
4.1 
4.1 
4.3 
4.2 
4.3 
4.3 
4.1 
4.3 
4.4 
4.0 
4.1 
4.0 
4.1 
4.2 
4.1 

Immerslon in Inhalation of 
Ground Exposure Wheat Ingestion Milk Ingestion Beel Ingestion Resuspended Particulates Resuspended Pertlculates 

GM (Svlyearl GSD GM ISvlvearl GSD GM ISvlyear) GSD . GM ISvlvearI GSD GM ISvlyearl GSD GM ISvlyearl GSD 

2.8E-11 3.4 
2.9E-11 3.5 
2.9E-11 3.5 
3.OE-11 3.5 
3.OE-11 3.6 
3.lE-11 3.5 
3.1E-11 3.5 
3.2E-11 3.4 
3.2E-11 3.5 
3.2E-11 3.5 
3 . X - 1 1  3.6 
3.3E-11 3.5 
3 . X - 1 1  3.5 
3.4E-11 3.5 
3.4E-11 3.4 
3.4E.11 . 3.5 
3.5E.11 3.5 
3.5E-11 3.5 
3.5E-11 3.4 
3.6611 3.4 

1.OE-11 5.1 
1.OE-11 4.8 
l.lE.11 4.8 
1.lE.11 5.0 
1.lE-11 5.0 
l . lE.11 5.1 
1.lE-11 4.6 
l . lE.11 4.9 
1.2E-11 4.7 
1.2E.11 5.0 
1.2E-11 5.0 
1.2E-11 4.6 
1.2E-11 5.1 
1.2E-11 5.0 
1.2E-11 4.9 
1.2E.11 4.9 
1.3E-11 5.1 
1.3E-11 5.0 
1.3E-11 5.0 
1.3E-11 5.0 

1.4E-12 5.9 
1.5E-12 5.6 
1.5E-12 5.7 
1.5E-12 5.5 
1.5E-12 5.9 
1.6E-12 5.9 
1.6E.12 5.6 
1.6E-12 5.6 
1.7E-12 5.7 
1.7E-12 5.8 
1.7E-12 6.1 
1.7E-12 6.0 
1.7E-12 5.5 
1.7E-12 5.3 
1.7E-12 6.0 
1.7E-12 5.4 
1.8E-12 5.8 
1.8E-12 5.8 
1.8E-12 5.4 
1.8E-12 5.4 

2.OE-12 4.2 
2.1E-12 4.3 
2.1E-12 4.2 
2.OE-12 4 .2  
2.lE-12 4.6 
2.2E-12 4.1 
2.2E-12 4.4 
2.3E-12 4.2 
2.3E.12 4.1 
2.3E-12 4.1 
2.3E-12 4.5 
2.3E-12 4.6 
2.4E-12 4.2 
2.4E-12 4.1 
2.5E.12 4.2 
2.4E-12 4.1 
2.6E-12 4 .3 '  
2.6E-12 4.4 
2.6E-12 4.1 
2.5E-12 4.1 

4.5E-11 
4.6E-11 
4.7E-11 
4.8E-11 
4.8E.11 
4.9E.11 
5.OE.11 
5.1E-11 
5.1E-11 
5 .E-11 
5.2E-11 
5.3E-11 
5.3E-11 
5.4E-11 
5.5E-11 
5.5E-11 
5.5E-11 
5.6E-11 
5.7E-11 
5.6E-11 

4.9 
4.8 
4.6 
4.9 
4.6 
4.7 
4.6 
5.0 
4.7 
5.0 
4.7 
5.2 
4.8 
4.7 
4.8 
4.8 
4.9 
4.9 
4.9 
5.0 

7.5E-19 
7.6E-19 
7.8E.19 
7.9E-19 
8.OE-19 
8.2E-19 
8.3E-19 
8.4E. 19 
8.5E-19 
8.6E- 19 
8.7E- 19 
8.8E-19 
8.9E-19 
8.9E-19 
9.1E-19 
9.1E-19 
9.2E-19 
9.3E-19 
9.4E.19 
9.4E-19 

5.0 
4.9 
4.6 
4 .9  
4.8 
4.7 
4.7 
5.0 
4.9 
4.8 
4.8 
5.3 
5.0 
4.7 
4.7 
4.8 
5.1 
4.9 
4.9 
5.1 

1) The dose estimales in this table include the contribution from the decay of deposited plutonium-241. 
21 E.01 is the same as the value divided by 10'; E.02 is the same as the value divided by 10': etc. 
3) GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sieverl; 1 Sv = 100 rem 

I 
I 
1 Total Dose 

GM (sv/year) GSD 

6.8E-09 3.6 
6.9E-09 3.8 

6.2E-09 3.8 
e.lE.09 3.8 

6.2E-09 3.9 
6.5E-09 3.7 
6.4E-09 3.7 
8.M-09 3.8 
8.7E-09 3.8 

6.8E-09 3.9 
6.8E-09 3.7 
7.1E-09 3.7 

3.8 

17.1E.09 3.7 
17.2E-09 3.8 
17.X-09 3.7 
17.3E-09 3.8 

0.8E.09 3.8 

I;::::: 3.8 

/7.3E-09 3.7 
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Pathway-SpeclRc borer Arrocle1.d whh DepoJted Amrdcfum-241 es e Resuk 01 tha 903  Pad Release 
Seam 7A 
I 1  970- 19891 - 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

sol1 Ingestion 
G M  ISvlyearl GSD 

1.5E.11 4.6 
1.5E-11 4.3 
1.6E-11 4.9 
1.6E-11 4.7 
1.6E-11 5.0 
1 .M-11  5.0 
1.7E.11 4.5 
1.7E-11 5.2 
1.7E-11 4.6 
1.7E-11 4 .7  
1.7E.11 4.8 
1.8E-11 4 .9  
1.8E.11 4.8 
1.8E-11 4.8 
1.8E-11 4 . 9  
1.8E-11 4.9 
1.9E.11 4.6 
1.9E-11 5.0 
1.9E-11 4.5 
1.9E.11 4.8 

Vegelabla Ingestion 
GM ISvlyear) GSD 

3.5E.09 4.0 
3.5E.09 4.1 
3.6E-09 4.1 
3.7E.09 4.2 
3 .7509  4.2 
3.8E.09 4.0 
3.9E-09 4.2 
3.9E.09 4.0 
4.OE-09 4.2 
4.OE.09 4.1 
4.M-09 4.2 
4.1E-09 4.3 
4.2E.09 4.1 
4.2E.09 3.9 
4.2E-09 4.2 
4.2E-09 4.1 
4.3E-09 4.0 
4.3E.09 4.2 
4.4E.09 4.3 
4.4E.09 4.1 

~~~~ ~~~ 

Ground Exposure 
GM ISvlyear) GSD 

1.9E-11 3.5 
1.9E.11 3.5 
2.OE-11 3.4 
2.OE.11 3.5 
2.OE-I1 3.4 
2.OE-11 3.5 
2.1E-11 3.4 
2.lE-11 3.5 
2.1E-11 3.5 
2.2E- I1 3.4 
2.2E-11 3.5 
2.2E-11 3.6 
2.2E-11 3.4 
2.2E-11 3.4 
2.3E-11 3.4 
2.3E-11 3.5 
2.3E.11 3.4 
2.3E-11 3.5 
2 . X - 1 1  3.4 
2.4E.11 3.5 

wheat Ingestion 
GM ISvlyearI GSD 

6.8E.12 4.8 
6.9E- I2 4.9 
7.OE-12 4.6 
7.2E-12 5.2 
7.3E-12 4.8 
7.4E-12 4.8 
7.5E-12 4.8 
7.6E-12 4.7 
7.7E-12 5.0 
7.EE-12 5.1 
7.9E.12 5.1 
8.OE-12 5 . 0  
8.1E-12 4.8 
8.1E-12 4.8 
8 . E - 1 2  5.1 
8 . X - 1 2  4.9 
8.4E-12 5.0 
8.4E-12 4.8 
8.5E-12 4.8 
8.6E-12 4.8 

Noms: 
1) The dose esthetes in this table include the contribution lrom the decay of deposiled plutonium-241. 
2) E.O1 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; elc. 
31 GM = Geometric Mean 
41 GSD - Geometric Standard Deviation 
51 Sv = Sievert; 1 Sv = 1M) rem 

~~ 

Milk Ingestion 
GM ISvlyeerl GSD 

9.5E-13 5.5 
9.8E- I3 5.6 
9.9E- I3 5.4 
1.OE-12 5.5 
1.OE-12 5.5 
( . I € -12  6.2 
1.1E-12 5 .6  
1.lE-12 5.5 
l . lE -12  6.2 
1.1E-12 5 .9  
l . lE.12 6.3 
l . lE.12 6.0 
1.lE-12 6.3 
1.lE-12 5.7 
l .2E-12 5.4 
1.lE-12 5.4 
1.2E-12 5.7 
1.2E-12 5 .6  
1.2E-12 5 .9  
1.2E.12 5 .8  

Beef Ingestion 
GM ISvlyearI GSD 

1 . X - 1 2  4.1 
1.4E-12 4.5 
1.4E-12 4.3 
1.4E-12 4.0 
1.5E-12 4.3 
1.5E-12 4.1 
1.5E-12 4.2 
1.5E-12 4.3 
1.5E-12 4.3 
1.6E-12 4.1 
1.6E-12 4.6 
1.6E.12 4.2 
1.6E.12 4.3 
1.6E-12 4.1 
1.7E.12 4.3 
1.6E.12 4.3 
1.7E-12 4.2 
1.7E-12 4.5 
1.7E.12 4.4 
1.7E-12 4.3 

Inhalation of 
Resuspended Perticdates 

GM (Svlyeafl GSD 

3.OE.11 4.6 
3.1E.11 '4.4 
3.1E-11 4.7 
3.2E-11 4.6 
3.2E.11 4.5 
3.3E.11 4.8 
3 . X - 1 1  4.5 
3.4E.11 4.7 
3.4E.11 4.7 
3.4E-11 4.4 
3.5E-11 4.6 
3.5E-I 1 4.8 
3.6E-I 1 4.9 
3.6E.11 4.6 
3.7E-11 5.1 
3.7E-11 4.6 
3.7E.11 5.1 
3.7E-11 4.8 
3.7E.11 4.8 
3.8E-11 5.1 

hmerslon In 
ResusDended Pafllculales 

GM ISvlyeer) GSD 

4.9E- 19  4.7 
5.1E.19 4.5 
5.2E-19 4.7 
5.3E.19 4.5 
5.4E-19 4.5 
6.4E.19 4.9 
5.5E-19 4.5 
5.6E-19 4.7 
5 . 7 5 1 9  4.8 
6.7E-19 4.6 
5.8E.19 4.6 
5.8E-19 4.9 
5.9E-19 4.8 
8.OE- 19  4.5 
6. (E-1 9 5.2 
6. lE-19 4.6 
6 . E - 1 9  5.1 
6.22-19 4.8 
6.2E-19 4.8 
6.35-19 5 .1  

Tots1 Dose 
G M  ISvlyeerI GSD 

3.9E-09 3.8 
4.OE-09 3.7 
4.OE-09 3.8 
4.lE-09 3.8 
4.2E-09 3.8 
4.2E-09 3.7 
4 . X - 0 9  3.7 
4.3E.09 3.6 
4.4E-09 3.8 
4.4E-09 3.7 
4.5E-09 3.8 
4.6E-09 3.8 
4.6E.09 3.7 
4.6E-09 3.6 
4.8E.09 3.7 
4.7E-09 3.7 
4.8E.09 3.6 
4.8E-09 3.8 
4.8E-09 3 .9  
4.9E.09 3.7 
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Pethwey-Sp.dflc Doses Assodated whh Dw0llt.d Amerldum-241 es e Rerun of the 903 Ped Release 
Sector 78 
11970-19891 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
I977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

2.6E.10 
2.7E-10 
2.7E.10 
2.8E-10 
2.8E-10 
2.8E-10 
2.9E-10 
2.9E-10 
3.05 10 
3.OE-10 
3.lE-10 
3.tE-10 
3.1E-10 
3.1E.10 
3.2E-10 
3.2E-10 
3 . 2 6  10 
3.3E-10 
3.3E.10 
3 . X - 1 0  

5.0 
4.9 
5.1 
4.7 
5.4 
5.1 
4.8 
4.5 
5.2 
4.9 
5.0 
4.9 
5.2 
5.1 
5.3 
4.9 
5.0 
5.1 
4.7 
5.2 

6.1E-08 
6.2E-08 
6.4E-08 
6.4E.08 
6.6E-08 
6.7E-08 
6.7E-08 
6.8E-08 
6.9E-08 
7.OE-08 
7.1E-08 
7.lE-08 
7.2E-08 
7.3E-08 
7.4E-08 
7.5E-08 
7.5E-08 
7.5E-08 
7.6E.08 
7.7E.08 

Year Soil Ingestion Vegetable Ingestion Ground Exposure 
GM Ilvlyearl GSD GM ISvlyear) GSD GM Ilvlyear) GSD 

I I 

4.1 
4 .0  
4.2 
4.2 
4.1 
4.1 
4.1 
4. 
4 .0  
4.1 
4.0 
4.1 
4.3 
4.2 
4.2 
4.3 
4.3 
4.2 
4.1 
4.0 

3.3E-10 
3.4E-10 
3.4E-10 
3.5E-10 
3.5E-10 
3.6E-10 
3.6E-10 
3.7E-10 
3.7E-10 
3.8E.10 
3.9E-10 
3.9E-10 
3.9E-10 
3.9E-10 
4.OE-10 
4.OE-10 
4.OE-IO 
4.1E-10 
4.lE-10 
4.1E.10 

3.5 
3.4 
3.4 
3.4 
3.5 
3.5 
3.4 
3.5 
3.6 
3.5 
3.6 
3.4 
3.4 
3.4 
3.6 
3.5 
3.4 
3.6 
3.5 
3.5 

Wheat Ingestion 
GM Ilvlvear) GSD 

1.2E.10 
1.2E-10 
1.ZE-10 
1 . X - 1 0  
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.4E-10 
1.4E-10 
l.4E-10 
1.4E-10 
l .4E-lo 
1.4E-10 
1.4E-IO 
1.4E-10 
t.5E-10 
1.5E-10 
1.5E-10 
1.5E-10 

4.9 
4.7 
5.0 
5.2 
5.1 
4.7 
4.7 
4.9 
4.9 
5.0 
4.9 
4.9 
4.9 
5.2 
4.9 
5.0 
4.7 
5.0 
4.9 
5.0 

Notes: 
11 The dose estimales in this table include the contribution from the decay of deposited plutonium-241. 
21 E.01 is Ihe same as the value divided by 10': E-02 is the same as thr volile divided by 10': etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
5) Sv = Sievert: 1 Sv = 100 rem 

Milk Ingestion 
GM (Svlyearl GSD 

1.7E-11 
1.7E-11 
1.7E-11 
1.8E.11 
1.8E-1 1 
1.8E-11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E.11 
2.OE-1 1 
2.OE-11 
2.OE-11 
2.OE-11 
2.OE.11 
2.OE-11 
2.OE-11 
2.1E-11 
2.1E-11 
2.1E-11 

6.1 
6.2 
5.6 
6.0 
5.5 
5.6 
5.7 
5.6 
5.9 
5.8 
5.6 
5.6 
5.8 
5.3 
5.8 
6.1 
5.6 
5.9 
5.7 
5.9 

Beef Ingestion 
GM ISvlyearl GSO 

2.3E-11 
2.4E-11 
2.4E-11 
2.4E-11 
2.6E-1 1 
2.6E-I 1 
2.7E-1 I 
2.6E-11 
2.6E-11 
2.7E-1 1 
2.8E-1 1 
2.7E-1 1 
2.8E-11 
2.8E-1 1 
2.8E-11 
2.9E-11 
2.8E-11 
2.9E-11 
3.OE-11 
2.9E-11 

4.5 
4.2 
4.3 
4.2 
4.0 
4.2 
4.1 
4.4 
4.4 
4.5 
b. 1 
4.0 
4.2 
4.1 
4.3 
4.2 
4.4 
4.5 
4.1 
A.4 

5 . 2 - 1 0  5.0 
5.4E-10 4.9 
5.5E-10 4.9 
5.5E.10 4.7 
5.6E- 10 4.7 
5.7E-10 5.0 
5.8E-10 4.9 
5.9E-10 4.8 
6.OE-10 4.9 
6.OE-10 5.2 
6.2E-10 5.1 
6.2E-10 4.9 
6.2E-10 4.9 
6.3E-10 4.7 
6.4E-10 5.2 
6.4E-10 5.1 
6.5E-10 4.8 
6.5E-10 4.9 
6.6E-10 4.7 
6.6E-10 4.6 

lmmerslon in Inhatallon of 
Resuspended Particulates Resuspended Particulates 

GM (Svlyearl GSD GM ISvlyearl GSD 

I 

8.7E-18 4.7 
8.9E- 18 4.7 
9.1E.18 5.0 
9.2E-18 4.6 
9.3E-18 4.8 
9.4E.18 4 .9  
9.66-18 4 .9  
9.8E-18 4.8 
1.OE-17 5.0 
1.OE-17 5.1 
1 .OE-17 6.2 
1.OE-17 4.8 
1.OE-17 4.9 
l.OE.17 4.8 
1.1E-17 5.4 
l . lE-17 4 . 9  
1. (E-1 7 5.0 
1. (E-1 7 5.0 
1.1E-17 4.7 
1.tE-17 4.6 

I 
I 
t 
I 
I 
I 
I 

I 
I 
I 
I 

I 

I 
I '  
i 
! 
I 
I 

I I 
! 

1 Tolal Dose 
GM ISvlyearl GSD 

I i 6.8E-08 

6. BE -08 
1 7.1E.08 
I 7.2E-08 
1 7.4E.08 , 7.4E-08 
i 7.5E.08 
I 7.5E-08 

7.7E-08 
1 7.8E-08 

7.9E-08 ! 8.1E.08 
I 8.2E-08 ' 8.3E.08 

8.3E.08 
8.4E-08 1 8.4E.08 

I 8.5E.08 
I 8.5E-08 

I 8.M-08 

3.7 
3.7 
3.8 
3.8 
3.7 
3.8 
3.7 
3.8 
3.8 
3.7 
3.8 
3.7 
3.8 
3.7 
3.7 
3.8 
3.8 
3.8 
3.6 
3.6 

I' 
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Pathwa~SpdRc Doses Assocfeled wtch Doporkad Amaflclum-241 as e Resuh of the 903 Ped Release 
Sector EA 
11970-1989) 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

5.8E.10 
6.OE-10 
0.1E.10 
6.1E.10 
6.3E-10 
6.3E-10 
6.5E-10 
6.5E-10 
6.7E-10 
8.7E.10 
6.8E.10 
6.9E.10 
6.9E.10 
7.OE.10 
7.1E-10 
7:lE.lO 
7.2E-10 
7 . X - 1 0  
7.3310 
7.4E-10 

4.6 
4.9 
4.8 
4.6 
5.0 
5.2 
4.7 
4.8 
5.1 
4.8 
4.9 
4.9 
5.2 
4.9 
4.8 
4.8 
5.0 
4.7 
4.9 
4.8 

1.4E-07 
1.4E-07 
1.4E-07 
1.4E-07 
1.5E-07 
1 .5E.07 
1.5E-07 
1.5E.07 
1.5E-07 
1.6E-07 
1.6E.07 
1.6E-07 
1.6E.07 
1.6E-07 
1.6E.07 
1.6E-07 
1.7E-07 
1.7E.07 
1.7E.07 
1.7E-07 

7.3E-10 
7.5E-10 
7.6E-10 
7.7E-10 
7.9E-10 
8.OE-10 
8.1 E- 10 
8.2E.10 
8 . X - 1 0  
8.4E-10 
8.5E-10 
8.6E-10 
8.7E-10 

8.9E-10 
9.OE.10 
9.OE.10 
9.1E.10 
9.2E-10 
9.2E- 10 

g.eE-10 

3.4 
3.5 
3.5 
3.4 
3.5 
3.5 
3.4 
3.5 
3.4 
3.5 
3.5 
3.4 
3.4 
3.5 
3.5 
3.4 
3.5 
3.5 
3.4 
3.5 

Vegetable Ingaslion Ground Erposure 
GM 6 v l  y earl GSD I GM 1Svl y ear) GSD 

4.1 
4.4 
4.3 
4.0 
4.1 
4.0 
4.2 
4.2 
4.0 
4.1 
4.1 
4.2 
4.0 
4.3 
4.1 
4.2 
4.1 
4.0 
4.1 
4.3 

Wheat Ingestion 
GM ISvlyear) GSD 

2.6E-10 
2.7E-10 
2.6E-10 
2.8E.10 
2.8E-10 
2.9E-10 
2.9E-10 
3.OE-10 
3.OE-10 
3.lE-10 
3.1E-10 
3.1 E. 10 
3.1E-10 
3.2E-10 
3 . X - 1 0  
3.2E-10 
3.3E-10 
3.3E-10 
3.3E-10 
3.3E-10 

4.6 
5.0 
5.2 
4.9 
4.9 
4.8 
4.8 
4.7 
4.7 
5.0 
5.0 
4.9 
5.5 
4.9 
4.7 
5.1 
5.3 
5.2 
4.7 
5.4 

Notes: 
0 The dose estimetes in this leble include the contribulion from the decay of deposlred ululonium.241. 
21 E.01 is (he same as the value divided by 10'; E-02 is the same as Ihe value divided by 10': etc. 
31 GM = Geometric Mean 
41 GSD P Geometric Standard Deviation 
5) Sv P Sievert; 1 Sv = 100 rem 

3.7E.11 
3.9E-11 
3.9E-11 
3.9E-11 
4.OE-11 
4.1E-11 
4. lE-I1 
4.2E-11 
4.2E-11 
4.3E-11 
4.3E-11 
4.4E-11 
4.5E-11 
4.5E-11 
4.5E-11 
4.6E-11 
4.6E.11 
4.6E-11 
4.6E-11 
4.7E-11 

5.4E-11 
5.4E-11 
5.4E-11 
5.5E.11 
5.8E-11 
5.7E-11 
5.8E-11 
5.8E-11 
6.OE.11 
6.OE. 11 
6.1E-11 
6.4E.11 
6.1E.11 
6.3E.11 
6.3E.11 
6.4E-11 
6.5E-11 
6.5E-11 
6.5E-11 
&BE-1 1 

4.0 
4.0 
4.0 
4.3 
4.3 
4.1 
3.9 
4.5 
4.4 
4.2 
4.1 
4.1 
4.3 
3.9 
4.1 
4.2 
4.2 
4.5 
4.3 
4.4 

5.7 
5.5 
5.5 
5.6 
5.6 
5.2 
5.2 
5.8 
5.7 
5.4 
5.5 
5.4 
5.9 
5.4 
5.7 
5.6 
5.5 
5.5 
5.2 
6.4 

Inhalation of 
Resuspended Particulates 

GM ISvlyear) GSD 

1.2E-09 5.0 
1.2E-09 5.1 
1.2E.09 4.8 
1.2E-09 4.8 
1.3E.09 5.1 
1 JE.09 4.9 
1.3E.09 4.6 
1.3E-09 4.9 
1 . x - 0 9  4.6 
1 .X-09 4.8 
1 .N-09 4.6 
1.4E-09 4.7 
1.4E-09 4.7 
1.4E-09 4.8 
1.4E-09 4.8 
1.4E.09 5.1 
1.4E-09 4.8 
1.5E-09 4.8 
1 .5E.09 4.7 
1.5E-09 4.6 

Immersion in 
Resuspendad Particulates 

GM (Svlyearl GSD 

1.9E-17 5.0 
2.OE.17 5.1 
2.M-17 5.0 
2.OE-17 4.9 
2.lE-17 5.2 
2.lE-17 5.0 
2.1 E- 17 4.9 
2:2E-17 4.9 
2.2E.17 4.0 
2.2E-17 4.9 
2 .X-17 4.6 
2.3E.17 4.7 
2 . X - 1 7  4.8 
2.3E.17 4.9 
2.4E-17 4.8 
2.4E-17 5.0 
2.4E-17 5 .O 
2.4E-17 4.9 
2.4E.17 4.6 
2.4E-17 4.6 

Total Dose 
GM ISvlvesrI GSD 

1.5E-07 
1.6E.07 
1.6E.07 
1.6E-07 
1.6E-07 
1.7E.07 
1.7E-07 
1.7E-07 
1.7E.07 
1.7E-07 
1.8E.07 
1.8E.07 
1.8E.07 
1.8E-07 
1 .8E.07 
1.9E-07 
1.8E-07 
1.9E-07 
1.9E.07 
1.9E-07 

3.8 
3.9 
3.9 
3.7 
3.7 
3.6 
3.7 
3.8 
3.8 
3.7 
3.7 
3.7 
3.6 
3.8 
3.7 
3.7 
3.7 
3.6 
3.7 
3.9 

1 Of  1 



Pnhwev-SpmclRc b a a s  bsocbled wkh DepoJted Amerlclum-241 es a Reault of the 903 Ped Release 
Sector 8B 
11970-19891 

I 

I 

I 

I 
i 
i 
I 
i 
I 
I 
I 
I 
~ 

I 
1 I 

I 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

8 .w-09 
9.OE-09 
9.3E-09 
9.4E-09 
9.5E-09 
9.7E-09 
9.8E.09 
1.OE.08 
1 .OE-08 
1 .OE-08 
1 .OE-08 
1 .OE-08 
1.lE-08 
1.1 E-08 
1.1 E-08 
1.1 E-08 
1.1 E-08 
1.1 E-08 
1.1 E-08 
1.1 E-08 

Vear Soil Ingestion Vegetable Ingestion Ground Exposure 
GM ISvlvear) GSD GM ISvlyear) GSD GM ISvlyear) GSD 

5.1 
5.0 
5.1 
4.7 
4.7 
4.9 
4 .9  
4.9 
4.6 
5.0 
4.8 
5.2 
4.6 
5.1 
4.8 
4.9 
4.6 
4.8 
5.1 
4.8 

2.lE-06 
2.lE-06 
2.1E-06 
2.2E.06 
2.2E-06 
2.2E.06 
2.3E-06 
2 . X - 0 6  
2.3E-06 
2.4E-06 
2.4E-06 
2.4E-06 
2.5E-06 
2.5E-06 
2.5E-06 
2.5E.06 
2.5E-06 
2.5E.06 
2.E-06 
2.6E-06 

4.0 
4.1 
4.2 
4.2 
4.3 
4.0 
4.0 
4.5 
4.2 
4.1 
4.2 
3.9 
4.0 
4.1 
4.0 
4.1 
4.1 
4.3 
3.9 
4.1 

l . lE-08  
1.1E-08 
1.2E-08 
1.2E-08 
1.2E-08 
1.2E-08 
1.2E-08 
1.2E-08 
1 3 - 0 8  
1.3E-08 
1.3E-08 
1.3E-08 
1.3E-08 
1 . X - 0 8  
1.4E-08 
1.4E-08 
1.4E-08 
1.4E-08 
1.4E-08 
1.4E-08 

3.4 
3.5 
3.4 
3.4 
3.5 
3.6 
3.5 
3.6 
3.5 
3.6 
3.5 
3.6 
3.5 
3.4 
3.5 
3.4 
3.5 
3.5 
3.5 
3.5 

1 1 1 

4.OE-09 
4.lE-09 
4.2E-09 
4.3E-09 
4.3E-09 
4.4E-09 
4.4E-09 
4.5E-09 
4.6E-09 
4.6E-09 
4.7E-09 
4.7E-09 
4.8E-09 
4.8E-09 
4.9E-09 
4.9E-09 
5.OE-09 
5.OE-09 
5.OE-09 
5. t E-09 

5.7E-10 
5.7E-10 
5.9E.10 
6.OE-10 
6. lE-10 
6.2E-10 
6.2E-10 
6.4E-10 
6.4E-10 
6.6E-10 
6.6E-10 
6.7E-10 
6 . E - 1 0  
6.8E-10 
6.8E-10 
6.8E-10 
6.9E.10 
7.OE-10 
7.OE-10 
7.1E-10 

5.6 
5.4 
5.9 
5.3 
6.2 
5.4 
5.4 
5.5 
5.7 
5.8 
5.9 
5.9 
5.6 
6.0 
5.5 
5.9 
5.2 
5.9 
5.0 
6.3 

Wheat Ingestion Milk Ingestion 

5 .0  
4.8 
4.9 
4.8 
4.9 
4.9 
5.2 
4.8 
5 .0  
4.9 
4.8 
4.9 
4.9 
4.7 
4.9 
4.7 
4.9 
5.0 
4.8 
4.8 

I 

Notes: 
11 The dose estimates in this table include the contribution from (he decay of deposited plutonium-241 
21 E-01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10': etc. 
3) GM = Geometric Mean 
4) GSD = Geometric Standard Deviation 
5) Sv = Sievert: 1 Sv = 100 rem 

Bee1 Ingestion 
GM ISv/vearl GSD 

7.9E-10 
8.3E:lO 
8.1E-10 
8.4E-10 
8.4E.10 
8.5E-10 
8.6E-10 
8.7E-10 
9.2E-10 
9.3E- 10 
9.4E-10 
9.5E-10 
9.6E-10 
1.OE-09 
9 . X - 1 0  
9.4E-10 
9.7E-10 
1.OE-09 
9.8E-10 
1 .OE-09 

4.0 
4.0 
4.3 
4.2 
4.3 
4.0 
4.2 
4.2 
4.5 
4.2 
4.4 
4.3 
4.3 
4.1 
4.2 
4.4 
4.3 
4.2 
4.1 
4.5 

lmmerslon in Inhalation of 

1.8E.08 5 .0  
1.8E-08 5 .0  
1.9E-08 4.9 
1.9E-08 4.9 
1.9E-08 5.3 
1.9E-08 4.8 
2.OE-08 4.5 
2.OE-08 5.1 
2.OE-08 5.0 
2.OE-08 4.8 

5.2 2.1E-08 
2.lE-08 4.7 
2.1E-08 5.0 
2.lE-08 . 4.8 
2.2E-08 4.7 
2 . x - 0 8  4.8 
2.2E.08 4.8 
2.2E-08 5.1 
2.2E.08 5.0 
2.2E-08 4.6 

2.9E-16 5 .0  
3.0E-18 5.0 
3. (E-16 5.1 
3.1E-16 5.1 
3.2E- 16 5.3 
3.2E-18 4.8 
3 . X - 1 6  4.5 
3.3E- 16 4 .9  
3.4E-16 4.9 
3.4E-16 4.9 
3.4E- 16 5.1 
3.5E-16 4.7 
3.5E-16 5.0 
3.5E-18 5 .0  
3.6E-18 4.9 
3.6E-16 4.7 
3.6E- 16 4.8 
3.7E-16 5.1 
3.7E- 16 5.1 
3.7E-16 4.6 

1 Total Dose 

I 
GM ISv/year) GSO 

,2.3E.06 
2.3E-08 

'2.5E.06 
12.5E-08 
12.5E-06 
i 2.6E.06 
,2.6E-06 
2.M-06 ' 2.7E.06 

12.7E-06 
2.7E-06 

1 2.8E-06 i 2.8E-06 
2.8E.06 

]2.8E-06 

3.6 
3.7 
3.8 
3.8 
3.9 
3.5 
3.8 
4.0 
3.8 
3.8 
3.8 
3.8 
3.6 
3.7 
3.7 
3.7 
3.7 
3.9 
3.8 
3.7 

1 O f  1 



Prlhwny-Sprclnc Doses Assoclr1.d rrtth h ~ o d 1 . d  Amrrlctum-241 u I Resuh 01 the 903 Ped Release 
Sector 9A 
(1 970-1 989) - 

Year 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Soil Ingestion Vegeleble Ingestion 
GM ISvlyearl GSD G M  (Svlyearl GSD 

2.6E-10 4.6 6.OE-08 4.0 
2.6E-10 4.9 6.1E.08 4.0 
2.7E-10 5.0 6.2E-08 4.0 
2.7E.10 4.7 6.3E-08 4.1 
2.8E.10 4.8 6.4E-08 4.1 
2.8E-10 4.9 6.5E-08 4.1 
2.9E-10 4.8 6.7E.08 4.2 
2.9E-10 4 .9  6.7E.08 3.9 
3 . E - 1 0  4.7 6.8E-08 4.2 
3.OE.10 5.1 6.9E-08 4.1 
3.OE.10 5.0 7.OE.08 4.1 
3 . lE -10  4.9 7.OE-08 4.2 
3.1E.10 4.8 7.2E-08 4 .1  
3.1E.10 5.2 7.2E.08 4.2 

.3.1E-10 5.1 7.3E-08 4.3 
3.1E.10 4.4 7.3E.08 4.2 
3 . X - 1 0  4.8 7.4E.08 4.0 
3.2E.10 4.8 7.5E.08 4.2 
3.2E-10 4.8 7.5E-08 4.1 
3.3E.10 4.7 7.6E-08 4.3 

Ground Exposure 
GM ISvlysarI GSD 

3.2E-10 3.5 
3.3E.10 3.5 
3.4E-10 3.5 
3.4E-10 3.5 
3.5E.10 3.5 
3.5E.10 3.6 
3.6E.10' 3.4 
3.6E.10 3.5 
3.7E-10 3.5 
3.7E-10 3.5 
3.8E-10 3.5 
3.8E-10 3.5 
3.8E-10 3.5 
3.9E.10 3.5 
3.9E-10 3.4 
4.OE.10 3.6 
4.OE.10 3.6 
4.OE-10 3.5 
4. lE-10 3.5 

.4.1E-10 3.4 

Wheat Ingestion Milk Ingestion 

1.2E-10 
1 . 2 5  10 
1.2E- 10 
1.2E.10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1 . X - 1 0  
1.4E-10 
1.4E-10 
1.4E-10 
1.4E-10 
1.4E-10 
1.4E-10 
1.4E-10 
l.4E-10 
1.5E-10 
1.5E-10 
1.5E.10 

5.2 
4.8 
5 . 0  
4.8 
5 .1  
5 . 0  
5 .0  
4.9 
5.1 
4.9 
5.3 
4.8 
5 .0  
4.9 
5.2 
4.9 

4 .9  
5.5 
4.0 

4.8, 

1.6E-11 
1.7E-11 
1.7E-11 
1.7E-11 
1.8E.11 
1.8E.11 
1.8E-11 
1.9E.11 
1.9E-11 
1.9E-11 
1.9E-11 
1.9E.11 
2.0E.11 
2.OE.11 
2.OE-11 
2.OE-11 
2.OE.11 
2.OE-11 
2.tE-11 
2.1E.11 

5 .9  
5.8 
5.3 
6.0 
5 .9  
5.6 
5 .9  
5.7 
5.3 
6.1 
5 .8  
5 .6  
6.0 
5.4 
6 .1  
5 .5  
5.6 
5.7 
5 .3  
5 .5  

I 

Beef Ingestion 
GM ISvlyearl GSD 

2.4E.11 4.3 
2.3E.11 4.1 
2.4E-11 4.0 
2.4E-11 4.1 
2.5E.11 4.2 
2.5E.11 4.3 
2.6E-11 4.3 
2.6E-11 4.4 
2.6E-I1 4.3 

' 2.7E-11 4.2 
2.8E-11 4.2 
2.7E.11 4.2 
2.8E-11 4.4 
2.8E-11 4.0 
2.8E-11 4.1 
2.9E-11 4.3 
2.8E.11 4.2 
2.8E-11 4.4 
2.8E-11 4.1 
2.9E.11 4.3 

Inhaletlon 01 
Resuspended Particulates 

GM ISvlyearl GSD 

5.2E-10 5.1 
5 . X - 1 0  4.9 
5.4E-10 5 .0  
5.5E-10 4.9 
5.6E-10 4.6 
5.6E-10 5.0 
5.7E-10 4.8 
5.8E-10 4.9 
5.9E.10 4.4 
6.OE.10 5.0 
6.OE.10 4.9 
6.1E-10 4.7 
6.1E.10 4 .9  
6.2E.10 4.8 
6.3E-10 4.7 
6.3E-10 4.5 
6.4E.10 5.1 
6.5E-10 5 .0  
6.5E.10 5 .1  
6.5E-10 5 . 0  

Immersion in 
Resuspended Parliculetes 

GM ISvlyear) GSD 

8.6E-18 5.4 
8.8E-18 5 .1  
9.OE.18 5 . 0  
9.1E-18 4.8 
9.2E.18 4.6 
9.3E. 18 4.9 
9.5E-18 4.8 
9.7E-18 4 .9  
9.8E.18 4.6 
1 .OE- 17 5.1 
1.OE.11 5.0 
1.OE-17 4.7 
1 .OE-l7 5.0 
1.OE-17 4.9 
1.OE-17 4.8 
1 .OE-l7 4.6 
1.1E.17 4.8 
1.lE-17 5.0 
1 .(E.( 7 5 .0  
1 . lE . l7  4.9 

lotel Dose 
GM ISvlyearl GSD 

8.7E.08 3.8 
8.8E.08 3.6 
7.OE-08 3.6 
7.OE-08 3.7 
7.1E.08 3.7 
7.3E.08 3.7 
7.5E.08 3.8 
7.5E.08 3.6 
7.6E.08 3.8 
7.7E.08 3 .7  
7.9E-08 3.8 
7.8E-08 3.7 
8.OE.08 3.7 
8.lE.08 3.7 
8.2E-06 3.8 
8.2E-08 3.8 
8.3E.08 3.5 
8.N-08 3.7 
8.56.08 3.8 
8.5E-08 3.9 

1) The dose astimales in lhls table include lhe contribution from lhe decay 01 deposited plutonium-241 
21 E.O1 is lhe same as the value divided by 10'; E.02 is the same es the value divided by 10'; etc. 
3) GM j. Geometric Mean 
41 GSD - Geometric Standard Deviation 
5) Sv P Siavert: 1 Sv - 100 rem 

1 0 1  1 



Pelhway.Speclflc Doses Assoelated wlch Daporlled Amerlchrm.241 as a ResuI1 of the 903 Ped Release 
S.clor 9 8  
(1970-1989) 

Year Soil Ingestion Vegetable Ingestion Ground EXPOSUI~ 
GM (Svlyear) GSD GM 1Sv)yearl GSD GM ISvlyearl GSD 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

8.7E-1 I 
8.8E-l I 
8.9E-11 
9.lE-11 
9.2E-1 1 
9.4E-I I 
9.5E-11 
9.6E-1 I 
9.8E-1 I 
9.9E-1 I 
1.OE-10 
1 .OE. 10 
1.OE-10 
1.OE-10 
1.OE-10 
1.lE-10 
1.1E-10 
1.lE- 10 
1.1E. 10 
I .1E. IO 

4.7 
4.9 
5.1 
5.0 
5.0 
4.9 
4.9 
5.1 
5.0 
4.7 
4.7 
5.1 
4.8 
4.8 
4.7 
4.2 
5. I 
5.2 
5.0 
5.3 

2.OE.08 
2.OE-08 
2.1 E-08 
2.1 E-00 
2.2E-08 
2.2E.08 
2.ZE-08 
2.3E.08 
2.3E.08 
2.X-08 
2.3E-08 
2.4E-08 
2.4E-08 
2.4E-08 
2.4E-08 
2.4E-08 
2.5E-08 
2.5E-08 
2.5E-OB 
2.5E-08 

4.4 
4.0 
4.2 
4.0 
3.8 
4.0 
3.9 
4.0 
4.2 
4.3 
4.2 
4.2 
4.0 
4.0 
4.1 
4.2 
4.1 
4.1 
4.3 
4.2 

l.lE-10 
l . lE-10 
1.1E-10 
l . lE-10 
1.2E.10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.X-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.3E-10 
1.X-10 
1 .X-10  
1.X-10 
1.4E.10 

3.6 
3.4 
3.4 
3.4 
3.5 
3.6 
3.5 
3.5 
3.4 
3.5 
3.6 
3.5 
3.5 
3.5 
3.6 
3.4 
3.5 
3.5 
3.4 
3.4 

Wheat Ingestion 
GM ISvlvearl GSD 

3.9E-11 
4.OE- 11 
4.1E-11 
4.1E-11 
4.2E-11 
4.3E-11 
4 . E - 1 1  
4.4E-11 
4.5E-11 
4.5E-11 
4.5E-11 
4.6E-11 
4.6E-11 
4.7E-11 
4.7E-11 
4.8E-11 
4.8E-11 
4.9E.11 
4.9E-I 1 
4.9E-11 

5.2 
5.3 
4.9 
4.9 
4.7 
5.0 
5 .o 
5.0 
5.0 
4.8 
5 .0  
5.0 
5.1 
4.8 
5.1 
4.8 
5.1 
5.0 
4.8 
4.8 

Notes: 
11 The dose estimates in (his table include the contribution from the decay of deposited plutonium-241 
21 E-01 is the same as the value divided by 10’; E-02 is Ihe same as the value divided by 10’: etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sievert: 1 Sv = 100 rem 

Milk Ingestion 
GM (Svlyearl GSD 

5.5E-I2 
5.6E-12 
5.7E-12 
5.8E.12 
5.9E-12 
6.OE-12 
6.1E-12 
6.2E-12 
6 . E - 1 2  
6.4E-12 
6.5E-12 
6.5E-12 
6.4E-12 
6.6E- 1 2  
6.8E- 12 
6.7E-12 
6.9E-12 
6.7E-12 
6.8E-12 
6.9E-12 

5.8 
5.6 
5.4 
5.6 
5.8 
5.5 
5.6 
5.6 
5.3 
5.9 
5.5 
5.8 
5.5 
6.0 
5.2 
6.5 
6.3 
5.3 
5.4 
5.7 

Beef Ingestion 
G M  ISvlyearl GSD 

7.7E.12 
7.9E-12 
8.1E-12 
8.2E. 12 
8.6E-I2 
8.4E-12 
8.5E- 12 
8.7E- I 2  
8.5E-12 
9.1 E- 12 
9.OE-12 
9.2E.12 
9.OE-12 
9.5E.12 
9.2E.12 
9.5E-12 
9 . E - 1 2  
9.6E.12 
9.6E.12 
9.7E-12 

4.3 
4.3 
4.3 
4.3 
4.0 
4.3 
4.3 
4.2 
4 .O 
4.4 
4.1 
4.4 
4.3 
4.3 
4.0 
4.6 
4.2 
4.1 
4.3 
4.2 

Inhalation of Immersion in 
Resuspended Particulates Resuspended Particulates 

G M  ISvlyearI GSD G M  ISvlyeerl GSD 

1.7E-10 4.7 
1.8E-10 5.1 
1.8E-10 4.7 
1 .BE-IO 5.1 
1 .8E- 10 4.7 
1.9E-10 5.1 
1.9E-10 4.8 
1.9E-10 4.9 
2.OE-10 4.8 
2.OE. 10 4.8 
2.OE-10 4.9 
2.OE-10 4.7 
2.OE-10 4.7 
2.lE-10 4.8 
2.1E-10 4.8 
2.1E-10 4.6 
2.lE-10 4.7 
2.1E.10 5.0 
2.2E-10 5.1 
2.2E-10 4.5 

2.9E-18 4.8 
2.9E-18 5.1 
3.OE- 18 4.8 
3.OE-18 5 .2  
3.1E-18 4.9 
3.1 E- 18 5.1 
3.2E-18 4.8 
3.2E-18 4.9 
3.3E- 18 4.8 
3.3E-18 5.0 
3.4E-18 4.9 
3.4E- 18 4.7 
3.4E-18 4.9 
3.4E- 18 4.8 
3.5E-18 5.0  
3.5E-18 4.6 
3.5E-18 4.8 
3.6E-18 4.9 
3.6E- 18 5.2 
3.6E-18 4.6 

I 

I 
I 
I 

I 
i I 
I 

I 

I 
i 

Tom1 Dose 
jM (Svlvesrl GSO 

2.2E-08 
2.X-08 
2.3E.08 
2.3E.08 
2.4E-08 
2.4E-08 
2.5E-08 
2.5E.08 
2.5E-08 
2.6E-08 
2.6E-08 
2.6E-08 
2.6E-08 
2.7E-08 
2.7E-08 
2.7E.08 
2.7E-08 
2.8E-08 
2.8E-08 
2.8E-08 

3.9 
3.5 
3.7 
3.7 
3.4 
3.8 
3.5 
3.8 
3.8 
3.9 
3.8 
3.7 
3.6 
3.6 
3.7 
3.8 
3.7 
3.7 
3.8 
3.8 
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PahwavSpociflc DOSOD A s r o c l a d  d h  0epo.h.d Amerktum-241 as a Rasuh 01 the 903  Pad Relaare 
Sactor 1OA 
11970-19891 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1969 

I 

8. lE-11 4.9 
8.3E.11 4.8 
8.5E-11 5.0 
8.7E.11 4.5 
8.1E-11 4 .9  
7.4E-11 5.2 
6.6E.11 4.4 
9.4E-11 4 .9  
9.6E-11 4.7 
8.7E-11 4.7 
9.0E-11 4.7 
9.1E.11 4.4 
9. lE-11 4.5 
8.8E.11 4 . 9  
9.5E.11 5.1 
8.9E-11 4.6 
9.6E.11 4 .9  
1.2E-10 4 . 9  
l.OE.10 4.9 
9.6E.11 4 .9  

Vegelable Ingestion 
GM ISvlyearl GSD 

1.8E-08 4.5 
2.1E.08 4.2 
1.7E.08 4.1 
1.7E-08 4.1 
1.9E-08 4 .0  
2. lE-08 4.2 
2.2E-06 4.0 
2. lE-08 4.1 
2.OE.08 3 .9  
2.lE.08 4.2 
2.2E.08 4.2 
2.1E-08 4.0 
2.2E-08 4 .1  
1.9E-08 4.1 
2.1E-06 4.0 
2.OE-08 4.2 
2.4E-08 4.2 
2.3E.08 4.2 
2.3E-08 4.2 
2.3E.08 4.1 

I 
Ground Eaposure Wheal Ingestion 

GM ISvlyear) GSD GM ISvlyearI GSD 

1.OE-10 3.4 
1.2E-10 3.5 
9.9E-11 3.5 
1.OE-10 3.5 
1.OE-10 3.6 
1. lE-10 3.4 
1.2E-10 3.4 
1 . M - 1 0  3.3 
1. lE-10 3.5 
1.2E.10 3.7 
1.1E.10 3.7 
1.2E-10 3.5 
1.2E-10 3.6 
1.2E-10 3.6 
1.2E-10 3.6 
1 . x - 1 0  3.5 
1.3E-10 3.7 
l . lE .10  3.5 
1.2E-10 3.4 
1 . X - 1 0  3.6 

3.7E-11 4.9 
3.5E.11 4.5 
3.8E.11 5.1 
3.6E.11 4.8 
3.8E.11 4.8 
3 . M - 1 1  4 . 9  
3.6E-11 4.6 
3.3E-11 4.9 
4.OE-11 4.6 
4.2E.11 5.1 
3.3E-11 4.6 
4.3E-11 4.6 
4.1E-11 5.2 
4.2E-11 4.7 
4.3E-11 4.7 
4.lE.11 5.3 
4.6E-11 4 .9  
4.8E-11 4.8 
4.7E-11 4.8 
3.9E-11 5.1 

Notes: 
11 The dose estimates in this (able include the conlribulion from the decay 01 deposited plutonium-241 
21 E-01 is tha same as the value divided by 10'; E.02 is lhe same as the valiie divided by 10'; elc. 
31 GM = Geometric Mean 
4) GSD P Geometric Standard Deviatlon 
5) Sv E Sievert; 1 Sv = 1 0 0  rem 

Milk Ingestion Beel Ingestion 

5.OE.12 6.2 
4.8E.12 5.5 
5.2E.12 5.8 
5.4E-12 5.5 
5.5E-12 5.6 
4.9E.12 6.1 
5.6E-12 5.2 
6.2E-12 5.6 
5.7E-12 5.7 
5.6E-12 5.7 
6.5E.12 6.0 
5.6E-12 5.4 
6.7E-12 5.7 
5.7E-12 5.1 
5.5E-12 5.9 
5.5E-12 6.0 
6.9E-12 6.2 
5.9E-12 5.4 
6.OE-12 5.7 
6.7E-12 5.6 

7.1E-12 4.7 
7.OE-12 4.1 
7.7E.12 4.1 
7.7E-12 . 4 .1  
7.2E.12 4.4 
7.2E.12 4 .1  
8.5E-12 4.0 
9.OE-12 4.5 
8.1E-12 4.2 
8.OE-12 4.1 
8.7612 4.7 
8.2E-12 4.2 
8.9E.12 3 .9  
8.lE.12 4 .1  
8.6E.12 4.5 
7 . M - 1 2  4.3 
8.7E-12 4.1 
&BE-12 4.3 
9.1E-12 4.4 
9.7E.12 4.0 

immerslon in lnhslation 01 
Resussended Parliculales Resuspended Perllculater Total Dose 

GM ISvlyear) GSD GM ISvlyaar) GSD GM iSvlyaarl GSD 

1.6E-10 4 . 9  
1.5E.10 4.5 
1.7E-10 4.8 
1.7E-10 4.5 
1.5E.10 4.9 
1.6E.10 5.2 
1.7E- 1 0  4.6 
(.BE-10 4.8 
1.7E-10 4.8 
1.8E-10 4.3 
1.7E.10 4.8 
1.7E-10 4.9 
2.1E-10 4.8 
1.8E-10 5.1 
1.9E.10 4.7 
1.9E-10 4.7 
2.OE-10 4.2 
2.2E-10 4.8 
2.1 E-10 4.5 
2.OE-10 4 .7  

3 .M-18  4.9 
2.6E-18 4.6 
2.7E-18 5.0 
2.8E.18 4.4 
2.6E.18 4.8 
2.6E-18 5.3 
2.8E-18 4.7 
3.1E.18 4.9 
2.8E- 18 4.7 
3.OE-18 4.5 
3.OE.18 4.7 
2.8E-18 4.9 
3 . U .  18 4 .9  
3.OE- 18 5.1 
3.lE-18 4 .7  
3. lE-16 4.8 
3.2E-18 4.3 
3.8E-18 5.0 
3.5€:18 4.5 
3.4E-18 4.6 

2.OE-08 3.9 
2.3E-08 3.7 
1.9E.08 3.8 
1.9E-08 3.6 
2 . lE -08  3.7 
2.3E.08 3.8 
2.4E-08 3.6 
2.4E-08 3.7 
2.2E.08 3.5 
2.X-08 3.6 
2.5E-06 3.7 
2.4E-08 3.6 
2.4E.08 3.7 
2.2E.08 3.6 
2.4E.08 3.6 
2.3E.06 3.7 
2.7E.08 3.8 
2.5E-08 3.8 
2.6E-08 3.7 
2.5E-08 3.6 
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Pmhwe~-Speclflc Doses Ass~~Ietad wlth Deposlted Amerlcivm-241 e¶ e Result of the 903 Ped Release 
Sector 108 
(1970-19891 

Vegetable lngestlon 
GM (Svlvearl GSD 

- 
Year Ground EKPOSUI~ Wheat Ingestion Milk Ingestion Beef Ingestion 

GM I lv lyear l  GSD GM (Svlysarl GSD GM ISvlyearI GSD GM (Svlyearl GSD 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Inhalation of 
Resuspended Particulates 

GM (Sv/yearl GSD 
Soil lngestlon 

GM ISvlyesrl GSD 

Immersion in I 
Resuspended Parliculates I Total Dose 

GM (Svlysarl GSD GM (Svlyearl GSD 
I 

7.5E-12 
7.7E-12 
7.2E-12 
1.4E-12 
7.9E- 12 
7.8E- 12 
8.5E.12 
8.3E-12 
7.lE-12 
9.6E-12 
7.8E-12 
8.OE-12 
8.7E-12 
9.2E-12 
8.4E-12 
8.5E-12 
9.4E- 12 
1.OE-11 
8.1E.12 
1.OE-11 

4.6 
4.9 
5.0 
5.1 
5.3 
4.8 
4.8 
4.7 
4.9 
4.7 
5.1 
5.0 
4.6 
5.0 
4.8 
4.7 
4.3 

4.7 
4.7 
4.9 
4.5 
4.7 
5.2 
4.8 
4.6 
4.7 
4.8 
5.2 
4.8 
4.9 
4.8 
5.1 
4.6 
4.9 
4.9 
4.8 
4.5 

I 2.OE-09 
2.1E-09 

2.OE-09 

2.2E-09 
2.3E-09 

' 2.tE-09 
1 2.tE-09 
1 2.3E-09 
1 2.4E-09 
' 2.6E-09 

2.4E-09 
2.5E-09 

' 2.4E-09 

1 2.lE-09 

' 2.2E-09 

I 2.2E.09 

1 2.5E-09 

1.7E-09 
1.7E-09 
1.7E-09 
1.8E-09 
1.9E-09 
1.8E-09 
1.7E-09 
2.OE-09 
2.OE-09 
2.OE.09 
2.OE-09 
1 .8E-09 
1.8E-09 
2.lE-09 
2.2E -09 
2.4E-09 
2.2E-09 
2.2E-09 
2.1 E-09 
2.2E-09 

4.2 
4.1 
3.7 
4.3 
4.0 
4.2 
4.4 
4.1 
4.2 
4.1 
4.1 
3.8 
4.4 
4.3 
4.6 
4.2 
4.0 
3.9 
4.2 
4.1 

1.OE-11 
9.1 E-1 2 
9.8E-12 
1.OE.11 
l.lE.11 
9.9E-12 
l . lE.11 
1 .OE-1 1 
l.lE.11 
l.lE.11 
1.OE-11 
1.3E-11 
1.2E-11 
1.OE-11 
1.2E.11 
1.2E.11 
1.2E.11 
1 . X - 1  1 
l.lE.11 
1.2E-11 

3.3 
3.5 
3.4 
3.3 
3.6. 
3.5 
3.3 
3.7 
3.5 
3.4 
3.4 
3.6 
3.5 
3.4 
3.7 
3.5 
3.5 
3.7 
3.6 
3.2 

3.1E.12 
3.4E. 12 
3.5E-12 
3.6E-12 
3.5E-12 
3.5E-12 
3.3E-12 
3.6E-12 
3.9E-12 
4.2E.12 
4.OE-12 
3.9E-12 
4.OE-12 
4.OE-12 
4.1E-12 
4 . E - 1 2  
4.4E.12 
4.2E-12 
4.1E-12 
4.OE.12 

5.0 
5.0 
5.5 
5.2 
4.9 
4.9 
4.9 
4.7 
5.5 
4.8 
4.9 
5 .o 
5.3 
4.9 
4.6 
5.0 
4.4 
4.6 
5.3 
4.9 

5.OE-13 
4 .5513 
4.4E.13 
5.5E- 13 
5.2E-13 
5.1E- 13 
5.5E-13 
5.4E-13 
5.6E- 13 
5.8E-13 
4.9E-13 
5.2E- 13 
5.8E- 13 
6.OE- 13 
6.4E-13 
5.9E-13 
5.8E-13 
5.6E-13 
5.OE-13 
6 . X -  13 

6.0 
5.4 
5.9 
5.7 
5.5 
5.8 
5.4 
5.7 
5.9 
5.3 
5.5 
5.7 
6.0 
6.3 
6.3 
5.4 
6.0 
5.6 
5.7 
6.0 

6.5E-13 
6.5E-13 
6.5E-13 
6.7E-13 
7.OE- 13 
6.6E-13 
7.4E-13 
7.2E-13 
7.2E-13 
7.5E-13 
7.5E-13 
7.4E.13 
9. (E-13 
8.8E-13 
8.1E- 13 
7.9E-13 
8.2E- 13 
8.1E-13 
7. (E- 13 
9.1E-13 

4.2 
4.0 
4.1 
4.1 
4.2 
4.5 
4.1 
4.3 
4.4 
3.9 
4.1 
4.1 
4.3 
4.2 
4.8 
4.3 
4.4 
4.2 
4.0 
4.4 

1.3E-11 4.8 
1.6E-11 4.5 
1.4E-11 4.9 
1.5E-11 4.6 
1 .M-11 4.8 
1.8E-11 5.0 
1.7E.11 5.1 
1.7E-11 5.0 
1.6E-11 4.8 
1.9E-11 4.6 
1 .8E-l 1 4.6 
1.6E-11 4.9 
1.9E-11 4.6 
1.7E.11 5.0 
1.7E-11 5.1 
1.7E.11 4.4 
1.7E.11 4.8 
2.OE-11 4.8 
1.7E-11 4.7 
1.9E-11 4.4 

2.2E-19 
2.6E-19 
2.3E-19 
2.4E-19 
2.6E-19 
3.OE- 19 
2.9E-19 
2.7E-19 
2.7E-19 
3 .M-19 
3.OE-19 
2.8E-19 
3.1E-19 
2.9E-19 
2 . M -  19 
2.8E-19 
2.9E- 19 
3.3E-19 
2.8E-19 
3.3E-19 

3.8 
3.7 
3.4 
3.8 
3.7 
3.7 
3.9 
3.7 
3.8 
3.7 
3.7 
3.3 
3.8 
3.8 
4.0 
3.9 
3.6 
3.5 
3.8 
3.8 

Notes: 
11 The dose estimates in this table include the contribution from the decay of deposited plulonium-241, 
21 E.01 is the same as the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sieverl: 1 Sv = 100 rem 
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P n h w a ~ S p d t I c  Doses A s r o d n d  .rkh'D.poJced Amnlcfum-241 es a ResuA 01 the 903 Pad Release 
Seclor 11 A 
I 1  970.1989) 

Year 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Soil Ingestion 
G M  ISvlyearl GSD 

8.5E.12 4.8 
7.8E.12 4.8 
8.8E-12 4.9 
8.OE-12 4.8 
7.9E-12 4.6 
8.OE-12 4.8 
8.6E-12 4.4 
7.9E-12 4.8 
8.4E.12 4.8 
8.4E.12 5.0 
9.4E.12 4.9 
9.8E-12 4.9 
9.1E-12 5.1 
9.4E-12 5.0 
8.6E.12 4.8 
8.7E.12 4.5 
8.8E-12 4.6 
9.4E.12 4.5 
l.lE.11 4.6 
8.9E-12 5.2 

1.7E-09 4.3 
1.5E-09 4.2 
1.6E.09 4.1 
1.9E-09 4.3 
1.8E-09 4.2 
2.OE-09 4.2 
2.OE.09 4.2 
1 . E - 0 9  ' 4.3 
2.oE.09 4.3 
2 . O E . q  4.1 
2.OE-09 4.3 
2.OE.09 4.1 
2.2E.09 3.6 
2.OE-09 4.2 
2.2E-09 4.2 
Z.lE.09 4.2 
1.8E-09 4.4 
2.2E.09 4.5 
2.3E.09 4.2 
2.3E-09 4.3 

8.8E.12 3.7 
1.OE-11 3.4 
l.lE.11 3.4 
9.6E.12 3.7 
1.OE-11 3.8 
1.OE-11 3.5 
1.OE.11 3.4 
1.OE-11 3.5 
1.OE-11 3.5 
l.OE.11 3.7 
1.OE-11 3.4 
1.1E-11 3.6 
9.9E-12 3.4 
l.lE.11 3.4 
l.lE.11 3.4 
1.2E-11 3.4 
l.lE.11 3.5 
1.2E.11 3.5 
1.OE-11 3.5 
1.2E-11 3.6 

Wheat Ingestion 
GM ISvlyearl GSD 

3.3E-12 5.3 
3.7E-12 4.7 
3.4E-12 4.8 
3.X-12 4.9 
3.8E-12 5.2 
3.8E-12 5.0 
4.OE.12 5.1 
3.6E.12 4.6 
4.5E-12 4.6 
3.8E-12 5.0 
4.3E-12 4.6 
3.7E-12 5.1 
4.OE-12 4.8 
3.6E-12. 4.8 
4.2E-12 4.6 
4.4E.12 4.4 
4.4E-12 5.1 
4.2E-12 4.7 
4.7E-12 4.4 
4.2E.12 4.8 

Notes: 
1) The dose estimates in this leble include lhe contribution f rom the decay 01 deposited plutonium-241. 
21 E.01 is (he same as the value divided by 10': E.02 is the same as lhe value divided by 10': elc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviallon 
51 Sv = Sieverl; 1 Sv = 100 rem 

Milk Ingestion Beef Ingestion 

4.9E-13 6.1 
5.1E.13 5.8 
5.1E.13 5.5 
4.9E-13 5.4 
4.9E-13 5.3 
5.3E.13 6.5 
6.5E-13 5.6 
5.3E.13 5.9 
5.5E-13 5.8 
6.OE.13 5.3 

' 5.lE-13 5.8 
5.7E-13 5.3 
5.7E-13 5.6 
5.2E-13 6.1 
6.3E-13 6.2 
5.6E.13 5.7 
5.6E-13 6.0 
6.2E-13 5.6 
6.2E.13 5.9 
6.7E-13 5.9 

7.3E-13 4.6 
6.9E.13 4.7 
7.2E-13 4.1 
6.9E-13 4.3 
6.5E-13 4.0 
7.6E-13 4.5 
8.OE-13 4.2 
7.5E.13 4.2 
7.5E-13 4.2 
8.1E-13 4.2 
7.8E.13 4.3 
7.9E-13 4.1 
7.8E-13 4.3 
8.lE-13 4.5 
8.3E.13 4.3 
8.3E-13 4.4 
7.4E-13 4.3 
8.8E-13 4.2 
9.4E.13 4.4 
8.3E.13 4.5 

lnhalation of 
Resuspended Partkuleter 

GM 1Svlyearl GSO 

1.5E.11 5.0 
1.5E.11 4.8 
1.9E-11 4.5 
1.5E.11 4.5 
1.5E-11 4.5 
1.6E-11 4.8 
1.7E-11 4.5 
1.7E.11 4.6 
1.7E-11 4.8 
1.9E-11 4.8 
1.8E.11 4.9 
1.9E-11 5.5 
1.8E-11 5.0 
2.lE-11 4.8 
1.9E.11 4.5 
1.8E-11 5.1 
1.9E-11 4.7 
2.OE-11 4.7 
2.1E.11 4.7 
1.8E-11 5.0 

lmmerslon in 
Resuspsndad Peniculates 

GM (Svlyeerl GSD 

2.5E-19 5.0 
2.4E-19 4.6 
3.3E.19 4.5 
2.6E-19 4.8 
2.4E.19 4.5 
2.6E- 19 4.8 
2.6E-19 4.6 
2.8E-19 4.7 
2.9E- 19 4.7 
3.2E.19 4.6 
3.OE.19 5.0 
3.OE.19 5.2 
3.05 19 5.0 
3.5E.19 4.6 
3.1E-19 4.5 
2.9E- 19 5.1 
3. (E. 19 4.7 
3.2E.19 4.7 
3.W-19 4.7 
2.9E-19 5.0 

Total Dose 
GM ISvlyeerl GSD 

1.9E.09 3.9 
1.8E-09 3.8 
1.8E-09 3.6 
2.lE-09 3.9 
2.OE-09 3.8 
2.2E.09 3.7 
2.2E-09 3.8 
2.OE-09 3.8 
2.2E-09 3.9 
2.2E.09 3.7 
2.2E-09 3.9 
2.2E.09 3.7 
2.4E-09 3.4 
2.2E.09 3.8 
2.5E-09 3.8 
2.3E-09 3.7 
2.OE.09 3.8 
2.4E.09 4.0 
2.6E-09 3.6 
2.6E.09 3.8 

1 01 1 



I 
I 
! 

- 
Vear - 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Pathway-Spdfk Doses Asrodatd wRh 0 . 0 o r R d  Amerlcfum-241 as a Result of the 903 Ped Release 
Sector 11s 
11970-19891 

Ground Eaposure 
GM ISvlyearl GSD 

Inhalation of 
Wheat Ingestion Milk Ingestion Beel Ingestion Resuspended Particuletes 

GM ISvlyearl GSD GM (Svlyearl GSD GM ISvlyearl GSD GM (Svlyearl GSD 
Soil Ingestion 

GM ISvlyearl GSD 

t.2E.10 
1.1E-10 
9.9E- 11 
1.2610 
1.2E-10 
9.9E-11 
1.2E-10 
1.2E.10 
1.2E-10 
1.3E.10 
1.2E-10 
1.3E-10 
1.2E-10 
t.2E.10 
1.4E.10 
1.3E-10 
t.4E.10 
1.4E-10 
1.3E-10 
1.4E-10 

4.5 
4.7 
4 .9  
4.8 
4.8 
5.2 
4.5 
5.0 
4.9 
5.2 
4.6 
4.8 
5.1 
5.0 
4.4 
5 .0  
4.6 
5.2 
5.0 
4.9 

Vegetable Ingestion 
GM ISvlyesrl GSD 

2.7E-08 
2.6E-08 
2.7E-08 
2.6E-08 
2.7E-08 
3.OE-08 
2.7E-08 
2.8E-08 
2.7E-08 
2.9E-08 
3.OE-08 
3.2E-08 
2.8E-08 
3.OE-08 
3.OE-08- 
3.4E-08 
3.OE.08 
3.2E-08 
3.OE-08 
3.1E.08 

4.1 
4.1 
4.0 
4.0 
4.2 
4.4 
4.3 
3.9 
4.4 
4.3 
4.1 
4.2 
4.5 
4.0 
4.2 
3.9 
4.0 
3.9 
4.1 
4.2 

1 . X - 1 0  
1.4E-10 
1.4E-10 
1.5E.10 
1.5E-10 
1.3E-10 
1.5E-10 
1.6E-10 
t .6E- I0  
1.5E-10 
1 .&E- 10 
1.6E- 10 
1.6E. 10 
1.5E-10 
1.7E-10 
1.6E-10 
1.6E-10 
1.6E-10 
1.6E-10 
1.8E.10 

3.5 
3.4 
3.5 
3.6 
3.6 
3.5 
3.5 
3.4 

3.4 
3.3 
3.5 
3.4 
3.5 
3.4 
3.5 
3.4 
3.1 
3.3 
3.5 , 

3.4 

5.2E-11 
4.8E-11 
5.1E-11 
5.7E-11 
5.6E-11 
5.6E-t 1 
5.8E-11 
5.OE-1 t 
5.4E.l I 
5.6E-11 
6.OE-11 
5.7E.11 
5 . 2 5 1  t 
5.8E-11 
6 .2E- I t  
6.OE-11 
5.9E.11 
6.3E-11 
6.3E-11 
6.1E-11 

4.5 
4.8 
5.0 
4.3 
4.9 
5.0 
5.1 
5 .O 
5.0 
4.6 
5.3 
4.9 
4.9 
5.1 
5.0 
5.2 
4.9 
4.6 
4.6 
4.9 

6.8E- 12 
7.OE.12 
6.9E-12 
7.4E-12 
6.9E-12 
7.OE- 12 
7.8E-12 
8.OE.12 
6.6E-12 
8.OE- 12 
8.9E-12 
8.3E-12 
7.5E-12 
7:7E-12 
7.8E-12 
9.5E-12 
8 . Z - 1 2  
8.OE-12 
8.4E- 12 
8.8E-12 

5.6 
5.3 
5.8 
5.5 
5.9 
5.9 
5.8 
5.4 
6.5 
6.0 
5.7 
5.9 
5.8 
6.4 
5.6 
5.6 
5.4 
5.6 
6.2 
5.9 

1 .OE-1 1 
9.8E.12 
9.7E-12 
9.8E.12 
9.8E-12 
1.1E-11 
1.1E-11 
1.OE-11 
9.6E-12 
1.ZE.lt 
1.2E-11 
1.2E-11 
l.lE.11 
l.lE.11 
1.2E- 1 1 
1.3E-11 
l . lE .11  
1.2E-11 
1.1E-11 
1.2E-11 

4.3 
4.3 
4.1 
4.1 
4.1 
4.4 
4.4 
4.1 
4.6 
4.7 
4.2 
4.6 
4.3 
4.3 
3.9 
4.3 
3.9 
4.3 
4.4 
4.3 

2.2E- to 4.8 
2.4E.10 5.1 
2.OE-10 4.9 
2.6E-10 4.3 
2. 3E- 10 4.2 
2.1E-10 5.0 
2 . X - 1 0  4.8 
2.3E-10 4.8 
2.4E-10 5.3 
2.7E-10 5.1 
2.7E-10 4.9 
2.5E-I0 4.6 
2.4E-10 5 .O 
2.3E-10 4.4 
2.8E-10 4.8 
2.5E-10 4.9 
2.7E-10 4.7 
3.1E-10 4.8 
2.4E-10 5.2 
3.OE-10 4.7 

1) The dose estimates in this table include the contribution from the decay of deposited plutonium.241 
21 E-01 is the same 8s the value divided by 10'; E-02 is the same as the value divided by 10'; etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sievert; 1 Sv = 100 rem 

t m m r i o n i n  1 / GSD 
Resuspended Particulates Total Dose 

GM isv i  earl GSD GM i s v i  earl 

3.7E- 18 
4.OE.18 
3.3E- 18 
4.2E-18 
3.8E-18 
3.4E-18 
3.9E-18 
3.8E-18 
4.OE-18 

, 4.6E-18 
4.5E-18 
4.tE-18 
4.OE- 18 
3.8E-18 
4.5E-18 
4.OE-18 
4.5E-18 
4.9E-18 
4.1 E-18 
5.OE- 18 

4.6 
5.1 
5 .0  
4.3 
4.3 
5.1 
4.9 
4.9 
5.2 
5.0 
5.0 
4.8 
4.9 
4.5 
4.8 
5.0 
4.7 
4.8 
5.1 
4.8 

3.OE-08 
/2.9E-08 
,2.9E-08 

13.OE-08 
13.3E-08 
13.OE-08 
3.tE-08 

I3.1E.08 

12.8E-08 

i 9::::: 
I 3.5E.08 
/ 3.1E.08 
I 33508  
' 3.4E-08 

3.7E-08 
1 3.4E.08 
i 3.6E.08 
/ 3.4E-08 

I 3.5E.08 

3.8 
3.7 
3.7 
3.8 
3.8 
3.9 
3.8 
3.6 
4.0 
3.9 
3.7 
3.7 
4 .0  
3.6 
3.6 
3.6 
3.6 
3.5 
3.7 
3.8 

I '  

I 
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PelhwevSpeclflc Doses Assaletad rrfth DopoJtd Arnedciurn-241 a i  e Resuh of the 903  Ped Release 
Sector 12A 
11970-19891, 

1979 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Soil lngestlon 
GM (Svlvearl GSD 

2.OE-10 
1.9E.10 
2.2E-10 
2.1E.10 
2.4E-10 
2.4E.10 
2.oE.10 
2.OE.10 
2 . lE -10  
2.4E-10 
2.2E-10 
2.3E-10 
2.3E.10 
2.4E.10 
3.OE- 10  
2.4E-10 
2.2E-10 
2.5E-10 
2.4E-10 
2.3E-10 

5.0 
4.7 
4.4 
4.8 
4.7 
4 .8  
5 .1  
5.0 
5.3 
4 .9  
4.9 
4.6 
4.6 
5 .0  
5.0 
4.6 
5.6 
4.8 
5.1 
4.7 

Vegeteble Ingestion Ground Exposure 
GM ISv/yearl GSD GM tsv/yearl GSD 

4.5E-08 
4.6E.08 
4.9E-08 
5.OE-08 
4.BE.08 
5.6E-08 
5.4E-08 
6.2E-08 
5 . E - 0 8  
6.2E-08 
5.4E.08 
5.4E.08 
5.8E-08 
5.3E-08 
5.8E.08 
5.8E.08 
5.9E.08 
5.4E.08 
5.8E-08 
6.OE.08 

4.2 
4.3 
4.1 
4.2 
4.5 
3.8 
4.1 
3.9 
4.4 
4.2 
4.4 
3 .9  
4.3 
3.8 
3.9 
4.1 
4.3 
4.2 
4.1 
4.0 

2.5E.10 
2.7E-10 
2.7E-10 
2.7E-10 
2.6E.10 
2.8E-10 
2.5E-10 
3.OE.10 
2.6E.10 
2.7E. 10  
3.OE-10 
3.2E.10 
2.9E.10 
3.2E-10 
3.OE.10 
2.8E-10 
3.1E.10 
3.4E-10 
2.9E-10 
3.5E-10 

3.2 
3.4 
3.6 
3.6 
3.6 
3.3 
3.5 
3.6 
3.5 
3.4 
3.4 
3.4 
3 .7  
3.3 
3 .6  
3.4 
3.5 
3.4 
3.5 
3.5 

9.1E-11 
9.2E-11 
9.4E-11 
8.8E. 11 
1.OE.10 
9.3E-11 
8.9E-11 
9.8E-11 
1.OE-10 
9.9E-11 
1. 1E-10 
8.9E-11 
1.OE.10 
l . lE.10 
1.2E.10 
l . l E . 1 0  
1.3E-10 
l . lE.10 
l . lE.10 
l . lE.10 

1.2E-11 
1 .4E-1 1 
1.4E-11 
1.5E-11 
1.4E-11 
1.5E.11 
1.7E-11 
1.6E-11 
1.6E-11 
1.7E-11 
1.5E.11 
1.3E.11 
1.7E-11 
1.5E.11 
1.5E-11 
1.4E-11 
1.7E-11 
1.5E.11 
1.6E-11 
1.6E.11 

5.4 
5.9 
5.6 
6 .1  
5 .7  
5.4 
5.2 
5.6 
6.3 
5.3 
5.5 
5.8 
5.2 
5 .7  
5 .5  
5.3 
5.8 
5.2 
5.8 
5.6 

5.0 
4 .9  
5.0 
4.8 
4.8 
4.8 
4.4 
4.7 
4.8 
5.3 
5.0 
5.0 
4.8 
4.8 
4.6 
5 .1  
4.8 
4.6 
5.3 
4 .9  

Notes: 
11 The dose eslimates In thls table Include the contribution lrom the decay 01 deposited plutonium-241 
21 E-01 is the same as the velue divided by 10'; E-02 is the same as the value divided by 10': etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Slandard Devlalion 
51 Sv = Sievert: 1 Sv = 100 rem 

1.7E.11 
1.9E-11 
1.7E-11 
1.9E-11 
2.lE-11 
2.lE-11 
2.1E.11 
2.1E.11 
2.3E-11 
2.2E-11 
1.9E-11 
2.OE.11 
2.2E-11 
1.9E.11 
2.2E-11 
2.1E-11 
2.2E.11 
2.1E.11 
2.1E.11 
2.1E.11 

3 . 9 5 1 0  5.3 
4.OE- 10  4.6 
4.4E.10 5.0 
4.2E-10 4.7 
4.3E-10 5.1 
4.7E.10 4.6 
3.9E-10 4.9 
4.2E-10 5.1 
4.3E-10 4.7 
4.7E-10 5.0 
4.4E-10 4.8 
4.9E- 10  4.6 
4.6E- 10  4.8 
4.6E.10 4.6 
5.6E.10 4.9 
4.8E-10 4.9 
4.7E-10 5.2 
5.OE-10 4.5 
4.7E-10 4.9 
5.OE.10 4.6 

Inhalallon 01 

4.2 
4.4 
4.8 
4.1 
4.1 
3.9 
4.2 
4.3 
4.5 
3.9 
4.2 
4.2 
4.3 
4.2 
4.3 
3.9 
4.7 
4.4 
4.3 
4.1 

1 01 1 

Immersion In 
Resuspended Pafliculeles 

GM ~Svlyeerl GSD 

6.7E.18 5.4 

7.2E-18 4.9 
7.OE.18 4.6 
7.1E-18 5.1 

6.5E-18 4 .9  
6.6E-18 5.2 
7.2E-18 4.7 
7.7E.18 5.2 
7.2E-18 4.8 
8.2E-18 4.6 
7.6E-18 4.8 
7.5E-18 4.7 
9. lE-18 5.0 
8.3E-18 4 .9  
7.7E.18 5.0 
8.2E.18 4 .4  
8.oE.18 4.9 
8.4E-18 4.5 

6.5E- 18 4.7 

7.9E-18 , 4.7 

Total Dose 
OM tSv/veerl GSD 

5.1E.08 
5.2E-08 
5.5E.08 
5.6E-08 
5.4E.08 
8.1E.08 
5.9E.08 
6.8E-08 
6.OE.08 
6.8E-08 
&(E-OB 
6.OE-08 
6.4E.08 
5.9E.08 
6.56.08 
6.5E-08 
8.6E.08 
6.1E-08 
8.5E-08 
6.7E-08 

3.8 
3.8 
3.7 
3.8 
3.9 
3.5 
3.8 
3.5 
3.9 
3.8 
3.9 
3.5 
3.9 
3.4 
3.6 
3.7 
3.9 
3.8 
3.7 
3.6 



Pwhwa~Sp.cl (k Doses As.odned with Daposlted Arnerldum-241 a$ e Result of the 903 Pad Release 
sector 128 
11970-19891 

Year 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
(981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

- 
Notes: 

Sol1 Ingestion 
GM (Svlyearl GSD 

3 . x - 0 9  
2.9E-09 
3.5E-09 
3 . E - 0 9  
3.9E-09 
3.8E-09 
3.3E.09 
3.8E-09 
3.3E-09 
3.5E-09 
3.4E-09 
3.7E-09 
3.5E-09 
4.2E-09 
3.5E-09 
4.4E-09 
3.5E-09 
4.OE-09 
3.7E-09 
4.1E.09 

5.1 
4.6 
5.2 
4.7 
4.6 
4.9 
4.6 
4.7 
4.7 
4.8 
4.7 
5.0 
5.3 
4.9 
5 .0  
4.4 
5 .0  
4 .9  
4.8 
5.1 

Vegetable lngestlon 
GM ISvlvearI GSD 

7.OE.07 
7.5E-07 
7.3507 
7.9E-07 
7.9E-07 
7.7E-07 
7.6E-07 
8.OE-07 
8.7E-07 
8.8E-07 
8.2E-07 
8.6E-07 
8.6E-07 
8 . X - 0 7  
9.2E-07 
9.5E-07 
9.5E-07 
1 .OE-06 
8.4E.07 
8.6E-07 

4.1 
3.9 
4.2 
4.0 
4.3 
3.9 
4.1 
4.0 
4.3 
4.0 
4.2 
4.1 
4.4 
4.5 
4.2 
4.5 
3.9 
3.8 
4.0 
4.4 

Ground Exposure 
GM ISvlyearl GSD 

3.5E-09 
4.OE-09 
3.9E-09 
4.2E-09 
4.3E-09 
4.5E-09 
4.1 E-09 
3.8E-09 
4.5E.09 
4.OE-09 
5. t E-09 
4.5E-09 
4.6E-09 
4.3E-09 
5.OE-09 
4.7E-09 
4.8E-09 
4.8E-09 
5.1E.09 
4.8E-09 

3.4 
3.5 
3.4 
3.5 
3.3 
3.7 
3.4 
3.8 
3.4 
3.3 
3.7 
3.7 
3.4 
3.5 
3.7 
3.3 
3.5 
3.5 
3.3 
3.3 

Wheat Ingestion 
GM ISvlyearI GSD 

1.4E-09 
SE-09 
6E-09 
5E-09 
6E-09 
.5E.09 
.5E-09 
.6E-09 
.6E-09 
.6E-09 
.7E-09 

1.5E-09 
1.9E-09 
1.6E-09 
1.9E-09 
1.7E-09 
1 .8E-09 
1.6E-09 
1.7E-09 
1.8E-09 

4.9 
4.9 
5.2 
4.6 
5.4 
4.5 
5.0 
4.8 
5.4 
5.1 
5 .0  
4.5 
4.7 
5 .0  
5.6 
5. t 
5.1 
4.9 
4.7 
5.0 

, !  
1) The dose estimates In thls table Include the contribution from the decay of deposited plutonium-241 
2) E.01 is the same as the value divided by. 10': E-02 is the samn =I t k  d u e  divided by 10': elc. 
31 GM = Geometric Mean 
41 GSD = Geometric Srandard Deviation 
51 Sv = Sievert: 1 Sv = 100 rem 

Milk Ingestion 
G M  ISvlyearI GSD 

2.OE-10 
1.9E-10 
2.3E- 10 
2.2E-10 
2.4E-10 
2.OE-10 
2.1E-10 
2.2E-to 
2.2E-10 
2.4E-10 
2.4E-10 
2.6E-10 
2.3E-10 
2.4E-10 
2.8E-(0 
2.4E-10 
2.3E-10 
2.9E-10 
2.7E-10 
2.4E-10 

5.8 
5.1 
5.2 
6.4 
5.4 
5.6 
5.8 
5.2 
5.5 
5.9 
5.7 
6 .0  
5.6 
5.8 
5.5 
5.8 
5.1 
5.0 
6.1 
5.8 

Inhalation 01 
Resuspended PartIcuIetes 

GM Ilvlyearl GSO 

2.7E-10 
2.6E-10 
2.9E.10 
3.3E-10 
3 . X - 1 0  
3.2E-10 
3.OE- 10 
3.OE- 10 
3.OE.10 
3.3E.tO 
3.3E-10 
3 . E - 1 0  
3.2E-10 
3.6E-10 
3.3E-10 
3 . E - 1 0  
3.1E-10 
3.8E-10 
3 . X - 1 0  
3.4E-10 

4.1 
3.7 
4.2 
4.3 
4.2 

4.3 
4.0 
4.2 
4.3 
4.4 
4.2 
4.2 
4.4 
4.3 
4.2 
4.1 
3.7 
4.5 
4.1 

4.9 

7.2E-09 4.9 
6.OE-09 4.3 
6.6E-09 4.8 
E.9E-09 4.6 
8.OE-09 4.4 
7.7E-09 6.3 
6.6E.09 4.9 
7.2E-09 4.6 
5.9E-09 5.0 
7.1E-09 4.5 
6.8E.09 4.4 
7 . E - 0 9  4.9 
7.OE-09 4.9 
8.5E-09 4.3 
7.4E-09 4.8 
8.3E-09 4.7 
6.6E-09 4.6 
8.3E-09 4.5 
7.lE-09 4.9 
8.5E-09 4.8 

Immersion In 

1.2E-16 4.9 
1 .OE- 18 4.3 
1.1E-16 4.8 
1.2E-16 4 .6  
1.3E-18 4.3 
1.3E-16 5.4 
1.1E.16 4.8 
1.2E-16 4.8 
1.OE-18 4.9 
1.2E-18 4.5 
1.lE-18 4.5 
1.2E-18 5.0 
l.1E-16 4.9 
1.4E.18 4.3 
1.2E-16 4.8 
1.M-16 4.8 
1.1E-16 4.6 
1.4E-16 4.6 
1.2E.16 5 .0  
1.4E-16 4.8 

7.9E-07 
8 . X - 0 7  
?.(E-07 
8.9E-07 
8.9E-07 
8.7E-07 
8.5E.07 
!8.8E-07 
:9.6E.07 
19.8E.07 
i 9.1 E-07 
l9.6E.07 
/ 9.6E-07 

1 ::iiZ 
1 1.tE-06 /I ;::::: 

9 . X - 0 7  
; 9.7E-07 

3.7 
3.6 
3.8 
3.5 
3.8 
3.4 
3.7 
3.6 
3.9 
3.8 
3.7 
3.7 
3.9 
4.1 
3.7 
4.0 
3.8 
3.5 
3.8 
3.8 
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Palhway-Speelflc Dorei Assodnd rrkh D.po&.d Arneflcbm-241 es e Resuk of the 903 Ped Release 
D ~ N ~ I  
(1970-19891 

Vsar 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

- 

Soil Ingestion Vegetable Ingestion 
GM ISvlyearI GSD GM ISvlyearl GSD 

2.OE-10 4.6 
2.OE-10 5.0 
2.1E-10 4.9 
2 . X - 1 0  4.5 
2.2E.10 5.6 
2.4E-10 5.0 
2.3E-10 5.3 
2.4E.10 5.4 
2.2E-10 4.7 
2.5E-10 5.1 
2.4E-10 4.9 
2.4E.10 4.4 
2.4E.10 4.8 
2.6E.10 4.8 
2 . X - 1 0  4.9 
2.3E-10 5.2 
2.5E.10 4.9 
2.5E-10 5.1 
2.7E-10 4.8 
2.7E-10 4.7 

4.9E-08 4.0 
5.2E-08 4.1 
4.6E-08 4.1 
5.lE-08 3.9 
5.lE-08 3.9 
4.9E.08 4.4 
5.1E.08 4.1 
4.7E-08 4.5 
4.9E-08 4.4 
6.5E.08 4.5 
5.3E.08 4.2 
4 .9508 4.1 
5.4E-08 4.5 
5 .X-08  3.7 
5.9E.08 4.0 
6.OE.08 4.1 
5.lE-08 4.1 
6.OE.08 4.0 
5.6E.08 4.3 
6.lE-08 4.3 

I 

I 
Ground EXDOSWR Wheat Ingestion 

GM ISvlyeerI GSD GM ISvlyearI GSD 

2.5E-10 3.6 
2.4E-10 3.6 
2.6E-10 3.6 
3.OE-10 3.3 
2.7E.10 3.7 
2.7E-I0 3.5 
2.7E-I0 3.7 
3 .1610 3.4 
2.7E-10 3.2 
2.7E-10 3.4 
3.2E-10 3.7 
2.7E.10 3.3 
3.2E-10 3.6 
2.9E.10 3.6 
3.1E-10 3.3 
3 . X - 1 0  3.3 
3.OE-10 3.4 
3.2E.10 3.6 
3.OE-10 3.6 
3.1E.10 3.4 

9.5E-11 5.0 
1.OE-10 5.1 
7.6E-11 5.4 
9.9E.11 4.8 
9.7E-11 5.2 
9.1E-11 5.2 
1.1E-10 5.4 
1.OE-10 4.8 
1.OE-10 5.2 
1.OE-10 4.5 
9.4E.11 4.5 
1.OE-10 4.9 
9.OE-11 4.8 
1.1E-IO 4.9 
1.lE-10 5.1 
9.9E-I1 5.0 
1 . X - 1 0  4.6 
1.1E-IO 5.0 
1.2E-10 5.0 
1.lE-10 4.5 

N o m :  
11 The dose estimales in lhls table includqthe contributlon from the decay of depolited ~lutonium-241 
21 E-01 is the same es the value divided by 10'; E-02 is (he same as the value divided by 10': elc. 
31 GM = Geometric Mean 
41 GSD - Geomelric Standard Deviation 
51 Sv = Sieverl: 1 Sv = 100 rem 

Milk Ingestion 
GM (Sv/yearl GSD 

I.4E-11 5.6 
1.4E-11 5.4 
1.2E-11 6.1 
1.2E-11 5.8 
1.3E.11 5.3 
1.4E.11 5.9 
1.2E-11 5.2 
1.3E-I1 6.0 
1.3E-11 5.6 
1.5E-I1 5.6 
1.3E-I1 5.8 
1.3E-11 5.8 
1.4E.11 5.6 
1.6E.11 5.5 
1.5E-11 5.7 
1.6E-11 6.0 
1.4E-11 5.3 
1.5E.11 6.2 
1.7E-11 5.4 
1.6E-11 5.8 

hnmerslon In , Inhatellon of 
Beef Ingestion ResusDsnded Particulates RasusDended Particulates Total Dose 

GM ISvlvearI GSD GM lSv/veerl GSD GM ISvlvear) GSD GM (Svlyearl GSD 

1 .BE-( 1 
1.9E.11 
1.9E-11 
1.8E-11 
2.lE.11 
2.OE-11 
1.9E-11 
1.9E.11 
1.8E-11 
2.1E-11 
2.2E-11 
(.BE-11 
2.OE.11 
2.1E-11 
2.1E-11 
2.2E.11 
2.OE-11 
2.lE-11 
2.5E-11 
2.3E-I 1 

4.2 
4.1 
4.3 
4.1 
4.1 
4.5 
4.4 
4.1 
4.0 
4.3 
4.0 
3.9 
4.2 
4.3 
4.3 
4.0 
4.1 
4.3 
4.4 
4.3 

3.8E.10 
4.3E-10 
4.6E.10 
4.4E-10 
4.4E-10 
4.6E-10 
4.9E-10 
5.1 E-10 
4.1E-10 
5.2E-10 
4.3E-10 
4.7E.10 
4.8E-IO 
4.8E.10 
4.5E-10 
4.7E-10 
4.9E.10 
5.3E-10 
4.9E-10 
5.3E.10 

5.1 
4.4 
4.5 
4.3 
5.1 
5.0 
4.6 
4.8 
4.8 
4.7 
5.0 
4.9 
5.1 
4.9 
5.1 
5.1 
4.7 
4.8 
4.9 
4.6 

8.4E-18 
7.3E-18 
7.7E-18 
7 .X-18 
7.3E.18 
7.8E-18 
8.OE-18 
8.ZE-18 
6.8E-18 
8.6E.18 
7.OE.18 
8.OE. 18 
7.9E.18 
8.1E.18 
7.3E- 18 
7.9E-18 
8.M-18 
8.5E-18 
8 .X-18 
8.7E.18 

5.1 
4.4 
4.8 
4.4 
5.2 
5.0 
4.6 
4.9 
4.9 
4.7 
5.0 
4.8 
5.0 
4.8 
5.2 
4.9 
4.8 
4.8 
4.9 
4.6 

5.4E-08 3.7 
5.8E.08 3.7 
6 .X-08  3.7 
6.7E.08 3.5 
5.7E-08 3.5 
6.6E-08 3.8 
5.8E.08 3.7 
5.4E-08 3.9 
5.5E.08 3.9 
8.2E-08 4.1 
5.9E.08 3.8 
6.5E.08 3.7 
8.OE-08 4.0 
5.9E.08 3.4 
6 . 6 0 8  3.7 
6.6E-08 3.7 
5.8E-08 3.6 
6.7E.08 3.8 
8 .X-08  3.9 
6.8E.08 3.8 
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Pathra~SpocIfk Dora, Assodalad wllh Dwosllad Ama~lcbm-241 as a Result of the 903 Ped Relaasa 
Lakewood 
11970-1989) - 

Veer 

- 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 - 

Soil Ingestion 
GM ISvlyearI GSD 

Vegetable Ingestion 
GM lSvlvearl GSD 

8.2E-11 
7.8E-11 
7.8E-11 
8.2E-11 
7.9E-11 
8 . X - 1 1  
7.5E-11 
9.OE-11 
9.9E-11 
9.2E-11 
1 .OE- 10 
8.5E-11 
9.OE-11 
8.OE- 11 
9.6E-11 
1.OE-10 
1.OE-10 
8.8E-11 
1 .O€-10 
9.2E-11 

5.2 
4.9 
4.8 
4.6 
5.3 
4.7 
5.2 
5.1 
4.8 
4.7 
4.7 
5.1 
4.8 
5.0 
4.8 
4.5 
5.0 
4.7 
4.8 
4.2 

2.OE-08 
2.OE-08 
1.7E-08 
1.9E-OB 
1.8E-08 
1.8E-08 
2.OE-08 
2.3E-08 
2.1E-08 
2.OE-08 
2.lE-08 
2.OE-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.4E-08 
2.4E-08 
2.2E.08 
2.2E-08 
2.2E-08 

3.9 
3.8 
4.3 
4.2 
4.1 
4.3 
4.3 
4.3 
4.1 
4.0 
4.3 
4.2 
4.0 
4.5 
3.9 
4.1 
4.1 
4.4 
3.9 
4.4 

9.9E-11 
9.7E-11 
1.lE-10 
9.9E-11 
1.lE-10 
l . lE-10  
1.lE-10 
1.1 E-10 
1.2E-10 
1.2E.10 
1.1E-10 
1.lE-10 
1.2E-10 
1.2E-10 
1.2E-10 
1.3E-10 
1 2E-10 
1 .3E- IO 
1.3E-10 
1.4E-10 

3.7 
3.5 
3.7 
3.5 
3.7 
3.6 
3.5 
3.5 
3.3 
3.4 
3.4 
3.6 
3.3 
3.4 
3.4 
3.4 
3.6 
3.7 
3.5 
3.4 

Ground Exposure 
GM Ilvlyearl GSD 

Wheat Ingestion 
GM ISvlyearl GSD 

3.4E-11 
3.7E.11 
3.8E-11 
4.5E-11 
4.OE-11 
4.OE- 1 1 
4.2E-11 
4.2E-11 
4.2E.11 
4.3E-11 
3.8E-11 
4.3E-11 
4.5E.11 
4.OE-11 
4.5E-11 
4.3E-11 
4.6E-11 
4.OE.11 
4.9E-11 
4.6E-11 

4.5 
5.4 
5.0 
5.2 
4.9 
4.8 
4.9 
5.1 
4.6 
5.2 
4.9 
5.1 
5.2 
4.9 
4.9 
5.0 
5.3 
5.0 
5.4 
4.8 

Notes: 
11 The dose estimates in this table include the contribution from the decay of deposited plutonium-241 
21 E-01 i s  the same as the value divided by 10'; E-02 is Ihe same as the value divided by 10'; etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Deviation 
51 Sv = Sievert: 1 Sv = 100 rem 

Milk Ingestion 
GM ISvlyearI GSD 

5.7E-12 
5.OE-12 
4.8E-12 
5.1E-12 
5.1E-12 
5.1E-12 
5.7E-12 
5.8E-12 
5.9E-12 
5.5E-12 
5.9E.12 
5.8E- 12 
6.4E.12 
6.1E.12 
6.OE-12 
6.9E-12 
7 .M-12 
6.3E-12 
6.4E-12 
6.lE-12 

5.7 
5.4 
5.7 
5.4 
6 .0  
5.8 
6.2 
6.1 
5.7 
5.3 
5.6 
6 .0  
5.5 
6.2 
5.4 
8.4 
5.8 
5.8 
5.5 
5.9 
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8.OE- 12 
7.2E-12 
7.OE- 12 
7.7E-12 
7.5E-12 
7.5E-12 
8.OE-12 
8.8E-12 
8.lE-12 
7.4E-12 
8.6E- I 2  
8.3E-12 
9 . E - 1 2  
8.lE-12 
8.2E-12 
9.5E.12 
1.OE-11 
8.7E-12 
8.9E-12 
8.7E-12 

Inhalalion of 

4.3 
4.0 
3.8 
4.0 
4.3 
4.1 
4.4 
4.6 
4.4 
4.4 
3.9 
4.2 
4.0 
4.5 
3.8 
4.8 
4.5 
4.1 
4.0 
4.3 

1.5E-10 5.4 
1.6E-10 4.7 
1.6E-10 4.8 
1 .E€- 10 4.7 
1.6E-10 4.9 
1.8E-10 4.7 
1.7E-10 4.5 
1.9E-10 4.8 
1.8E-10 4.9 
1.9E-10 4.6 
1.8E-10 1.1 
1.7E-10 4.9 
1.9E-10 4.8 
1.6E-10 5.0 
2.OE-10 4.5 
(.BE-10 4.7 
2.OE-10 4.8 
(.BE-10 4.7 
2.1E-10 4.9 
2.OE-10 4.8 

Immersion in 
Resuspended Pertlculates 

GM ISvlyesrI GSD 

2.4E-18 5.5 
2.66-18 4.7 
2.7E-18 4.9 
2.6E- 18 4.7 
2.7E-18 5.1 
2.9E- 18 4.8 
2.9E-18 4.5 
3.1 E-18 4.8 
2.9E.18 5.0 
3.1E-18 4.7 
3.OE-18 5.2 
2.8E-18 5.0 
3.1E-18 4.8 
2.6E- 18 5.1 
3.2E- 18 4.7 
2.9E.18 4.8 
3.2E-18 4 .9  
3.OE-18 4.6 
3.8E-18 4.9 
3.2E-18 4.6 

I 
2.2E-08 
2!ZE.08 
2[0E-O8 

2;. 1E-08 
2!2E-08 

2;OE-OB 
2;2E-08 

2.2E-08 

2;5E-08 
2,.3E-08 

2.4E -08 
2.2E-08 
2.5E-08 
2.4E-08 
2.4E.08 

2.6E-08 
2.5E-08 
?.a€-08 
2.5E-08 

.2.8E-08 

I 

3.5 
3.5 
3.8 
3.7 
3.7 
3.8 
3.9 
3.8 
3.7 
3.6 
3.7 
3.7 
3.8 
4.0 
3.8 
3.8 
3.8 
3.9 
3.5 
4.0 

I 

I 
I 
i 

I 

I 

I 
! 
I 
I 
I 



Pnhrav-Spadnc Doses ArrodMwJ whh Depodtrd Amrdcbm.241 as r Resuh of the 903 Ped Releaso 
Longmom 
11970-1989) 

Year 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Soil Ingestion 
GM (Svlyear) GSD 

. 

1.4E-11 
1.4E-11 
1.7E.11 
1.7511 
1.4E.11 
1.6E.11 
1.5E.11 
1.8E-11 
1.8E-11 
1 .M-11 
2.OE.11. 
1.8E.11 
2.1E-11 
1.8E.11 
1.9E-11 
1.7E.11 
1.9E-11 
1.8E.11' 
1.9E-11 
1.7E.11 

Ground Exposure 
GM ISvlyearI GSD 

5.1 
5.0 
4.9 
4.8 
4 .9  
4.4 
5.0 
4 .9  
4.8 
4.9 
4.9 
5.0 
4.8 
5 .0  
4.8 
5.1 
5.2 
4.9 
4.5 
4.8 

Wheal Ingestion 
GM ISvlyearl GSD 

Vegetable Ingestion 
GM ISvlyearI GSD 

3 . X - 0 9  
3.4E-09 
3.7E-09 
3.5E-09 
3.6E-09 
4.OE-09 
4.OE.09 
3.9E.09 
4.2E.09 
3.7E-09 
4.OE.09 
3.9E-09 
4.4E.09 
4.4E-09 
4.1 E.09 
4.4E.09 
3.9E.09 
4.1E.09 
4.3E.09 
4.OE.09 

4.0 
3.9 
4.1 
4.1 
4.1 
4.4 
4.2 
4.2 
4.2 
4.3 
4.2 
4.1 
4.1 
4.2 
4.4 
4.1 
4.5 
4.3 
3.8 
4.4 

1.8E-11 
2.OE-11 
1.9E-11 
1.9E-11 
2.w-11 
1.9E-11 
2 . X - 1 1  
2.1E.tl 
2.2E-11 
2.2E.11 
2.3E.11 
2.1E-11 
2.4E-11 
2.4E-11 
2.2E-11 
2.4E-11 
2 . X - 1 1  
2.4E- 11 
2.3E.11 
2.3E.11 

7.2E-12 
7.5E-12 
6.9E-12 
7.8E-12 
6.8E-12 
8.OE-12 
7.7E.12 
7.4E.12 
8.4E. 12 
7.6E-12 
8.OE-12 
8.2E.12 
8.4E-12 
7.8E-12 
7.6E-12 
8.2E.12 
7.6E-12 
9.1E.12 
8.9E.12 
8.1E-12 

4.9 
5.2 
5.0 
4.7 
4.8 
5.0 
4.9 
5.0 
4.7 
4.8 
5 .0  
5.3 
4.6 
4.8 
5.3 
5.1 
5.0 
5.0 
5.4 
4.7 

3.7 
3.4 
3.6 
3.6 
3.4 
3.5 
3.6 
3.4 
3.6 
3.5 
3.6 
3.5 
3.6 
3.5 
3.7 
3.5 
3.4 
3.4 
3.3 
3.4 

Notes: 
11 The dose estimates in this table include the contribution from the decay of deposited plutonium-241 
2) E.01 is the same as the value divided by 10'; E-02 is tho same as the value divided by 10': etc. 
31 GM = Geometric Mean 
41 GSD = Geometric Standard Devialion 
5) Sv P Sieverl: 1 Sv = 100rem 

AY-lON X1J 

Milk Ingestion 
GM ISvlyearl GSD 

8.6E. 13 
8.8E.13 
9.6E- 13 
9.4E- 13 
9.OE- 13 
1 .OE-12 
1 .OE-12 
1.OE-12 
1.1E-12 
1 .1E-l2 
9.4E-13 
9.4E-13 
1.4E-12 
1 .3E-1 2 
1.lE-12 
1.2E-12 
1.2E-12 
t.lE-12 
1.1E-12 
1.lE. 12 

8.0 
5.3 
5.8 
5.6 
6.4 
5.1 
5.6 
5.9 
5.3 
5.5 
5.8 
5.7 
5.7 
5.8 
5.9 
5.2 
5.7 
5.9 
5.8 
6.0 
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1.3E.12 
1.3E.12 
1.3E.12 
1.3E.12 
1.3E.12 
1.4E-12 
1.5E-12 
1.4E.12 
1.5E-12 
1.6E.12 
1.5E- 12 
1.5E-12 
2.OE- 12 
1.8E-12 
1.6E-12 
1.8E-12 
1.7E.12 
1.5E-12 
1.6E-12 
1 .5E.12 

Inhalation of 
Beel Ingestion Resuspended Particulates 

4.4 
4.2 
4.0 
4.2 
4.9 
4.1 
3.9 
4.3 
4.0 
4.2 
3.9 
4.3 
4.1 
4.3 
4.8 
4.0 
4.4 
4.2 
4.1 
4.4 

3.1E.11 5.1 
2.9E-11 5.3 
3.2E-11 4.7 
3.5E.11 4.7 

3.2E-11 5.0 
3.3E.11 4.7 
3.8E.11 5.0 
3.5E-11 4.4 
3.5E-11 4.8 
3.7E-11 5.1 
3.6E-11 4.9 
3.9E-11 4.7 
3.9E- 11 4.6 
3.3E.11 5.1 
3.4E.11 5.2 
4.261 1 4.8 
3 . e - 1 1  4.8 
3.5E-11 4.4 
3.5E-11 4.8 

2.8E.11 9.7 

I 

Immersion in 
Resuspended Perticulates Total Dose 

GM lSvl  earl GSD GM ISv earl 
v I rV GSO 

5.lE-19 5.0 
4.8E-19 5.3 
5.3E.19 4.7 
5.8E-19 4.7 
4.6E-19 4.8 
5.5E- 1 9 4.9 
5.3E-19 4.8 
6.2E-19 5.1 
5.8E.19 4.5 
5.8E.19 4.9 
8.3E- 19 5.2 
6.1E-19 4.7 
6.M-19 4.8 
6.5E-19 4.8 
5.5E-19 5.1 
5.7E- 19 5.2 
&BE-19 4.8 
5.7E-19 5.0 
5.8E.19 4.3 
5.8E-19 4.7 

3.8E-09 
3.8E.09 
4.2E-09 
3.9E-09 
4.OE-09 
4.5E.09 
4 .N-09 
4.4E-09 
4.7E-09 
4.2E-09 
4.5E-09 
4 3 E - 0 9  
4.9E-09 
4.9E-09 
4.7E-09 
4.9E-09 
4.4E-09 
4.6E-09 
4.8E-09 
4.5E-09 

3.8 
3.5 
3.7 
3.7 
3.7 
3.9 
3.9 
3.7 
3.8 
3.7 
3.8 
3.7 
3.7 
3.8 
4.0 
3.7 
4.0 
3.9 
3.5 
3.9 
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APPENDIX M 

_ _ _  - ~ - -  --PIATION-RISK-FACTORS- ~ ~ - - ~~ 

FOR ORGAN DOSES AND EFFECTIVE DOSES 

Radiation doses presented in this analysis are expressed in terms of effective doses. Equivalent 
doses to specific organs can also be calculated, and in some cases, these values can be 
significantly different than the effective dose for some radionuclides. Organ-specific dose 
coefficients presented in Table M-1 show that the bone surfaces can be associated with dose 
equivalents that exceed the estimated committed effective dose equivalent by over a factor of ten 
after ingestion or inhalation of plutonium-239/240. Other organs sometimes exceed the effective 
dose values, but not by margins that are as large. Examples include the red bone marrow 
following ingestion, the lung following inhalation, and the breast during immersion. 

To calculate effective doses, an organ weighting factor of 0.01 is applied to the calculated 
equivalent doses to the bone surfaces to account for the low probability of radiation-induced 
mortality from bone cancer with respect to the hazard of a similar level of dose applied 
uniformly over the entire body. This weighting factor, which is also applied to skin doses, is 
the lowest weighting factor that is applied to any organ of the body. This reflects the relatively 
low radiation sensitivity of the bone surfaces. Weighting factors of 0.12, 0.12, and 0.05 are 
applied to red marrow, lung, and breast, respectively. 

As stated earlier, a radiation risk ("detriment") conversion factor of 7.3 percent per sievert is 
used in this analysis for the calculated effective doses. This value combines ICRP's risk factors 
for fatal cancers, non-fatal cancers, and severe hereditary effects. This risk factor is applied to 
the calculated effective doses to estimate the risk from estimated intakes of radioactivity and 
exposures to radiation. Similar risk conversion factors are available for specific organs. The 
magnitudes of these factors can be used to indicate the relative risks of cancer and hereditary 
effects from doses to the various organs compared to those from irradiation of the entire body. 
Risk coefficients for some individual organs are presented below, along with the comparable 
whole body or "effective" value: 

I-- 

Bone Surfaces 0.07 
Breast 0.36 
Lung 0.80 
Bone Marrow 1.04 
"Whole Body" (effective) 7.3 

1 
It can be seen from these values that, while individual organ doses from intake of plutonium in 
some cases are higher than the associated effective doses, lower risk factors for the affected 
organs result in estimated risks that do not exceed those estimated using effective doses and a 
whole body risk conversion factor of 7.3% per sievert. 
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Table M-1 

Inhalation and Ingestion Dose CoefTicients for Plutonium-239 (Class Y) 

References : 

ng = value not given for this organ 

ICRP Publication 56 and Federal Guidance Report 12 
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APPENDIX N 

~ - - -- - __ - __ - _-  ._ - _-_ DETERMINATION- OF PmLIIJl-IJApY RISK ESTIMATES 
FOR ROUTINELY RELEASED CHEMICkLs -- -- - 

Introduction 

The dose estimates calculated for routinely released chemicals that are presented in Appendix M are 
expressed as the amount of contaminant taken up by the body (e.g., milligrams or mg). However, in 
the field of chemical risk assessment, chemical dose is more commonly presented in terms of amount 
of contaminant taken up per unit body weight per unit time (ie.,  milligrams per kilograms per day or 
mg kg-' d-I). Toxicity criteria have been developed by several regulatory agencies that can be used 
to translate estimates of chemical dose, in mg kg-' d-', into estimates of health risk. The purpose of 
this appendix is to describe the steps taken to estimate chemical doses in terms of mg kg-' d" for the 
purposes of illustrating some cancer risks associated with chemicals released from the Rocky Flats 
Plant. The process is slightly different for beryllium and the volatile solvents, so they are described 
separately below. 

1 Volatile Solvents 

Using the dose estimates presented in Appendix L, the highest year or period of release was identified 
for each of the carcinogenic volatile solvents (Le., all of the solvents evaluated in the dose assessment 
except 1 , 1 , 1-trichloroethane). Using the predicted air concentration for Sector 12, the inhalation 
exposure equation provided in Appendix I, and the associated input parameters provided in Appendix 
J, the chemical dose was estimated for each contaminant in terms of mg kg-' d-! using Monte Carlo 
simulation. No other exposure equations or input parameters were required, since direct inhalation 
was identified as the only important exposure pathway for the solvents. The dose estimates, expressed 
in terms of a geometric mean (GM) and geometric standard deviation (GSD), are shown in Table N-1 . 

For carcinogenic chemicals, an estimate of excess lifetime cancer risk (incidence) is the product of the 
chemical dose and the carcinogenic potency slope factor (SF): The SF, which is expressed in units 
of (mg kg-' d-')-', is defined as the 95 percent upper confidence limit of the probability of a 
carcinogenic response per unit daily intake of a chemical over a lifetime (70 years). For the purpose 
of the illustrations presented in this report, SFs developed by the U.S. EPA are used. These criteria 
were presented in Table 5-1 of the main text, and are duplicated in Table N-1 . There is considerable 
uncertainty in SFs, since they are generally based on long-term animal studies and the application of 
a very conservative model used to predict the relationship between dose and cancer risk. However, 
an evaluation of this uncertainty is beyond the scope of Phase I and is not addressed in this report. 
The cancer risk estimates presented in this illustration are equal to the product of the dose estimate 
(GM) and the SF. Since the purpose of this illustration is to estimate risks associated with exposure 
during a single year, the excess lifetime cancer risk estimates are divided by 70, the assumed number 
of years in a lifetime. The uncertainty in the preliminary annual cancer risk estimate, as described by 
the GSD, is the same as the uncertainty in the dose estimate. These results are shown in Table N-1 
and are also shown graphically in Figure 5-6 of the main text. 

I 

1 
I 

I 
1 
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TABLE N-1 

Highest 
Material Year or 

Period 

Beryllium I968 

Carbon Tetrachloride 196 1 - 1970 

Chloroform 1953-1974 

Methylene Chloride 1953- 1974 

Tetrachloroethylene 1953-1962 

Trichloroethvlene 1953-1962 

PRELIMINARY EXCESS LIFETIME CANCER RISK ESTIMATES ASSOCIATED WITH ONE-YEAR EXPOSURE 

Inhalation Dose Ingestion Dose Inhalation Risk' Ingestion Riskb Total Risk 

GM GSD GM GSD GM GSD GM GSD GM GSD 
(rng kg' d') (mg kg-' d') 

4.4 x lo''* - 2.6 3.9 x 1 0 1 3  2.8 1 x IO-'' 2.6 2 x I O t 2  2.8 4 x IO"* 2.2 

1.9 

8.5 x 10-7 1.9 NA NA 2 x  I O 9  1.9 NA NA 2 x I O 9  1.9 

8.1 x 10.~ 1.9 NA NA 3 x 1 0 "  1.9 NA NA 3 x lo-'' 1.9 

1 x 10-8 9.3 x l o 6  1.9 NA NA 1 x 10' 1.9 NA NA 

2.1 x lo-5 I .9 NA NA 6 x 1.9 NA NA 6 x 1 0 ' O  1.9 

1.5 x lo-5 I .9 NA NA I x 10-9 1.9 NA NA I x 109 1.9 

Inhalation Risk = (Inhalation Dose x SFinlulnan) + 70 f AF 

SFi-liiion 
Material (mgkg-day Y'  AF 

Beryllium 8.4 0.5 

Carbon Tetrachloride 0.053 0.65 

Chloroform 0.08 1 0.65 

Methylene Chloride 0.0017 0.75 

Tetrachloroethylene 0.002 I 
Trichloroethylene 0.006 1 

IO'' is the same as 0.1 or 1/10; 10 '  is the same as 0.01 or 1/100; etc. 
GM = Geometric Mean 
GSD = Geometric Standard Deviation 
SF = Slope Factor 
AF = Absorption Factor 
NA = Not Applicable 

b Ingestion Risk = (Ingestion Dose x SFw,d  + 70 + AF 

Material (mgkgday)" SFi-im AF 

Beryllium 4.3 0.01 



Beryllium 

The-methods-used- to- estimate -preliminary- cancer -risks _for- beryllium are slightly more 
complicated, since exposure to off-site individuals may have occurred through up to seven 
exposure pathways. First, as for the volatile solvents, the highest year of exposure was 
identified from the dose estimates presented in Appendix L. Second, using the predicted air and 
soil concentrations for Sector 12, the exposure equations provided in Appendix I and the input 
parameters provided in Appendix J, pathway-specific doses were estimated in terms of mg kg-' 
d-' using Monte Carlo simulation. In addition, the total doses received through ingestion routes 
(soil, vegetable, wheat, milk and beef ingestion) and inhalation route (inhalation and inhalation 
of resuspended particulates) were also estimated using Monte Carlo simulation. These total 
ingestion and inhalation dose estimates, expressed in terms of a GM and GSD, are also shown 
in Table N-1 . 

--- -- -- - _ _ _  __ - -- - _ _  __ - 

The U.S. EPA has developed separate SFs for estimating cancer risks associated with exposure 
to beryllium via ingestion or inhalation. These values are presented in Table 5-1 of the main text 
and are reproduced in Table N-1. As discussed previously, the uncertainties in the SFs are not 
being taken into account in this illustration. The preliminary cancer risk estimates are therefore 
simply the product of the dose estimate (GM) and the SF divided by 70. The uncertainty in 
these estimates is equal to the GSD associated with the dose estimate. The preliminary cancer 
estimates for inhalation and ingestion exposures are shown in Table N-1 . The total preliminary 
cancer risk associated with exposure to beryllium via all routes of exposure was estimated using 
Monte Carlo simulation. These results, expressed in terms of a GM and GSD, are shown in 
Table N-1 and are also shown graphically in Figure 5-6 of the main text. 

The potential for historic releases of beryllium from the Rocky Flats Plant to have caused 
berylliosis in off-site individuals is not addressed by the analysis in this report. However, Phase 
II of the study will further examine the off-site risk. It is known that chronic low-level exposure 

individuals. Berylliosis produces scar tissue in the lung, interfering with normal gas exchange. 
The risks of this effect of beryllium exposure are uncertain at the time. Because berylliosis is 
an immunologic response, the threshold level that produces effects varies among individuals. 
a reference concentration limit of 0.01 pg m-3 was recommended for community air by the U.S. 
Atomic Energy Commission (USAEC) in 1949 based upon findings in the environment of a 
beryllium production facility. Current EPA regulations limit industrial emissions to levels that 
produce 30day average concentrations that do not exceed that value (ATSDR, 1988). 

that does not cause acute inflammation of the lungs can cause berylliosis in susceptible I ,  

REFERENCES 

ATSDR. (1988). Agency for Toxic Substances and Disease Registry. Toxlcoloelcal P r o m  
-. ATSDR/TP-88/07. December 1988. 
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DETERMINATION OF PRELIMINARY RISK ESTIMATES 
-- - _ _  FOR RO-UTINELY-RELEASED CHEMICALS-- __ - ~ - - - - 

Introduction 

The dose estimates calculated for routinely released chemicals that are presented in Appendix M are 
expressed as the amount of contaminant taken up by the body (e.g., milligrams or mg). However, in 
the field of chemical risk assessment, chemical dose is more commonly presented in terms of amount 
of contaminant taken up per unit body weight per unit time (i.e., milligrams per kilograms per day or 
mg kg-' d-'). Toxicity criteria have been developed by several regulatory agencies that can be used 
to translate estimates of chemical dose, in mg kg-' d-', into estimates of health risk. The purpose of 
this appendix is to describe the steps taken to estimate chemical doses in terms of mg kg-' d" for the 
purposes of illustrating some cancer risks associated with chemicals released from the Rocky Flats 
Plant. The process is slightly different for beryllium and the volatile solvents, so they are described 
separately below. 

Volatile Solvents 

Using the dose estimates presented in Appendix L, the highest year or period of release was identified 
for each of the carcinogenic volatile solvents (Le., all of the solvents evaluated in the dose assessment 
except l,l,l-trichloroethane). Using the predicted air concentration for Sector 12, the inhalation 
exposure equation provided in Appendix I, and the associated input parameters provided in Appendix 
J, the chemical dose was estimated for each contaminant in terms of mg kg-' d-' using Monte Carlo 
simulation. No other exposure equations or input parameters were required, since direct inhalation 
was identified as the only important exposure pathway for the solvents. The dose estimates, expressed 
in terms of a geometric mean (GM) and geometric standard deviation (GSD), are shown in Table N-1. 

For carcinogenic chemicals, an estimate of excess lifetime cancer risk (incidence) is the product of the 
chemical dose and the carcinogenic potency slope factor (SF). The SF, which is expressed in units 
of (mg kg-' d-')-', is defined as the 95 percent upper confidence limit of the probability of a 
carcinogenic response per unit daily intake of a chemical over a lifetime (70 years). For the purpose 
of the illustrations presented in this report, SFs developed by the U.S. EPA are used. These criteria 
were presented in Table 5-1 of the main text, and are duplicated in Table N-1 . There is considerable 
uncertainty in SFs, since they are generally based on long-term animal studies and the application of 
a very conservative model used to predict the relationship between dose and cancer risk. However, 
an evaluation of this uncertainty is beyond the scope of Phase I and is not addressed in this report. 
The cancer risk estimates presented in this illustration are equal to the product of the dose estimate 
(GM) and the SF. Since the purpose of this illustration is to estimate risks associated with exposure 
during a single year, the excess lifetime cancer risk estimates are divided by 70, the assumed number 
of years in a lifetime. The uncertainty in the preliminary annual cancer risk estimate, as described by 
the GSD, is the same as the uncertainty in the dose estimate. These results are shown in Table N-1 
and are also shown graphically in Figure 5-6 of the main text. 
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TABLE 

Material 

Beryllium 

Carbon Tetrachloride 

Chloroform 

Methylene Chloride 

Tetrachloroethylene 

Trichloroethylene 

S-1 

Ingestion Riskb Total Risk Highest Inhalation Dose Ingestion Dose Inhalation Risk' 
Year or 
Period GM GSD GM GSD GM GSD GM GSD GM GSD 

1968 4.4 x - 2.6 3.9 x 1 0 1 3  2.8 1 x IO-'* 2.6 2 x 10'l2 2.8 4 x 2.2 

(mg kg-' d-'1 (rng kg-' d') 

1961-1970 9.3 x l o 6  1.9 NA NA 1 x 10' I .9 N A  N A  1 x l o 8  1.9 

1953- 1974 8.5 x 10' 1.9 N A  NA 2 x  10" 1.9 N A  N A  2 x 10-9 1.9 

1953- 1974 8.1 x 10' 1.9 NA NA 3 x 10" 1.9 N A  N A  3 x 10'' 1.9 

1953-1962 2.1 x l o 5  I .9 NA NA 6 x 10." 1.9 N A  NA 6 x  10' '  I .9 

1953- 1962 1.5 x 1 0 '  1.9 N A  NA I x 10-9 1.9 N A  NA I x i o 9  1.9 

Inhalation Risk = (Inhalation Dose X SFinh.la,an) i 70 i AF 

SFintuhth 
Material (mg4wWY' AF 

Beryllium 8.4 0.5 
Carbon Tetrachloride 0.053 0.65 

Chloroform 0.081 0.65 

Methylene Chloride 0.0017 0.75 

Tetrachloroethylene 0.002 I 
Trichloroethylene 0.006 1 

10.' is the same as 0.1 or 1/10; 1 0 '  is the same as 0.01 or 11100; etc. 
GM = Geometric Mean 
GSD = Geometric Standard Deviation 
SF = Slope Factor 
AF = Absorption Factor 
NA = Not Applicable 

b Ingestion Risk = (Ingestion Dose x SF,-& + 70 t AF 

SFi-ion 
Material (mgkgday)' AF 

Beryllium 4.3 0.01 
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Beryllium 
- _ _  --- -_ ._.__ - - - -  -_- 

The methods used to estimate preltmmary-cancer-risks- for-beryllium are -slightly- more- - - 
- 

complicated, since exposure to off-site individuals may have occurred through up to seven 
exposure pathways. First, as for the volatile solvents, the highest year of exposure was 
identified from the dose estimates presented in Appendix L. Second, using the predicted air and 
soil concentrations for Sector 12, the exposure equations provided in Appendix I and the input 
parameters provided in Appendix J, pathway-specific doses were estimated in terms of mg kg-' 
d' using Monte Carlo simulation. In addition, the total doses received through ingestion routes 
(soil, vegetable, wheat, milk and beef ingestion) and inhalation route (inhalation and inhalation 
of resuspended particulates) were also estimated using Monte Carlo simulation. These total 
ingestion and inhalation dose estimates, expressed in terms of a GM and GSD, are also shown 
in Table N-1. 

The U.S. EPA has developed separate SFs for estimating cancer risks associated with exposure 
to beryllium via ingestion or inhalation. These values are presented in Table 5-1 of the main text 
and are reproduced in Table N-1. As discussed previously, the uncertainties in the SFs are not 
being taken into account in this illustration. The preliminary cancer risk estimates are therefore 
simply the product of the dose estimate (GM) and the SF divided by 70. The uncertainty in 
these estimates is equal to the GSD associated with the dose estimate. The preliminary cancer 
estimates for inhalation and ingestion exposures are shown in Table N-1 . The total preliminary 
cancer risk associated with exposure to beryllium via all routes of exposure was estimated using 
Monte Carlo simulation. These results, expressed in terms of a GM and GSD, are shown in 
Table N-1 and are also shown graphically in Figure 5-6 of the main text. 

The potential for historic releases of beryllium from the Rocky Flats Plant to have caused 
berylliosis in off-site individuals is not addressed by the analysis in this report. However, Phase 
11 of the study will further examine the off-site risk. It is known that chronic low-level exposure 
that does not cause acute inflammation of the lungs can cause berylliosis in susceptible 
individuals. Berylliosis produces scar tissue in the lung, interfering with normal gas exchange. 
The risks of this effect of beryllium exposure are uncertain at the time. Because berylliosis is 
an immunologic response, the threshold level that produces effects varies among individuals. 
a reference concentration limit of 0.01 pg m-3 was recommended for community air by the U.S. 
Atomic Energy Commission (USAEC) in 1949 based upon findings in the environment of a 
beryllium production facility. Current EPA regulations limit industrial emissions to levels that 
produce 30day average concentrations that do not exceed that value (ATSDR, 1988). 

REFERENCES 

ATSDR. (1988). Agency for Toxic Substances and Disease Registry. m. ATSDWTP-88/07. December 1988. 
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COMMENTS AND RESPONSES CONCERNING THE- 

"DOSE ASSESSMENT-FOR-HISTORICAL CONTAMINANT 

----- 

DRAFT TASK / 8 REPORT--/--- 

///--- __--- --%LEASES FROM ROCKY FLATS" _- - 
4 

Comments numbered 1 through 5 were submitted by Mr. Dave Norbury, Hazardous Material and 
Waste Management Division, Colorado Department of Health, on November 5th, 1993. 
Comments 6 through 12 were submitted by Mr. Dick Fox, Air Pollution Control Division, 
Colorado Department of Health, on December 7th, 1993. Comments 13 and 14 were received 
from Ms. Sally Shaver, Division of Health Assessment and Consultation, Department of Health 
and Human Services, on December 8th, 1993. 

Comment 1. Contaminants of Concern: The output of Task 2 (and the focus of Task 8) 
involves the twelve contaminants ident$ed for quantitative evaluation. Although 
surely discussed in more detail in the Task 2 report, the author should not assume 
the reader has reviewed all past eflorts. More information on these contaminants, 
including carcinogenic classiJications (National Toxiciy Program, IARC or 
ACGIH and a brief discussion of carcinogenic versus systemic responses, 
accompanying "threshold" concepts, and reference doses should be included. The 
reader does not have enough basic Toxicity Assessment Information to understand 
the types and magnitudes of risks posed by these individual materials. 

Response 1. Identification of contaminants of concern was carried out in Tasks 2, 3, 4 and 5 
and a summary of the identification process is provided in the project background 
section of the Task 8 report. We have attempted to provide somdbackground 
toxicologic information in describing preliminary risk calculations for the materials 
of concern in Section 5.0 and Appendix N. For more detailed discussions of 
concepts of toxicity of the materials of concern, the reader is referred to the 
references identified in Section 5.0 and any subsequent updates of these 
documents. The scope of this phase of the work did not include a detailed 
interpretation of the dose estimates in terms of toxicity or risk, which is a key 
element of the Phase I1 work. 

Comment 2. Exposure Pathway Model: The Division strongly recommends including children A 

as a sensitive sub-population. Intake values for rates of inhalation, soil ingestion, 
and food ingestion (the three primary pathways considered) vary significantly 
among age groups, and assumptions that a rate "... by adults is generally higher 
than that of children ...'I (and therefore that risks calculated for adults are higher 

i i 
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than those for children) are not universally valid. Current Division policy for 
RCRA Corrective Action risk assessment mandates separate evaluation of intakes 
for children and adults. 

Response 2. Discussion presented in the report explored the fact that under some exposure 
conditions, chemical and radiation doses received by children and adults can be 
different. For exposures to radionuclides, radiation doses received by adults are 
generally higher than those received by children; this is because intake rates of 
adults are usually higher than those of children. Two noticeable exceptions are 
incidental soil ingestion and milk ingestion exposure pathways. If one of these 
two pathways is the dominant contributor to total dose, radiation dose received by 
a child can be significantly higher than that by an adult. For all the radionuclides 
of concem evaluated in Task 8, inhalation is the dominant exposure pathway and 
contributes most to the total dose. Since inhalation rate of children is estimated 
to be about 32 to 55 percent lower than that of adults (NCRP, 1985) , radiation 
doses calculated for adults are also likely to be higher than those for children. 

[Reference: NCRP (1 985). National Council on Radiation Protection and 
Measurements. "Radiological Assessment: Predicting the Transport, 
Bioaccumulation, a d  Uptake by Man of Radionuclides Released to the 
Environment." NCRP Report No. 76. Bethesda, MD.] 

For exposure to chemicals, children generally receive a higher dose than adults. 
T h s  is because the conventional way of expressing chemical dose is the amount 
of contaminant inhaled or ingested per body weight per time (e.8.  , mg kg-' d-I) and 
the low intake rates of children are more than offset by their low body weights. 
The overall result is that children receive a higher dose of chemical than adults 
through most exposure pathways. 

As discussed in Section 2.3 of the Task 8 report, intake rates and body weight are 
only two of the many factors that may affect radiation or chemical doses received 
by an exposed individual. Other variables include absorption efficiencies, dose 
conversion factors, 'exposure characteristics and duration of exposure. It is 
estimated in the Task 8 report that chemical and radiation doses received by 
children are likely to be less than a factor of 10 higher or lower than those 
calculated in the report. Due to the relatively large uncertainties associated with 
the identified major release events and the magnitudes of the calculated doses, the 
evaluation of children as a separate sensitive sub-population was not considered 
to be warranted in the Phase I work. 

Comment 3. Release: Section 3.0 discusses airborne releases of the radionuclides, which were 
carefully monitored, and the volatile organics, which were not monitored. The 
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release quantities for the non-radionuclides are unknown; the Division therefore 
- -encourages the_masszbala_nce approach planned for Phase II in an eflort to better 

identifjl the amounts of chemicals that cannot be accounGdjor-(aTd-a3sumed-to - - - - 
have been released to the environment). 

-- - -- __ - . - - __ 

Response 3. Historical releases of chemicals into the environment from the Rocky Flats plant 
were not as well monitored as radionuclides. As described in the Task 5 report, 
estimates of the amount of chemicals released fiom the plant were based on 
inventory records, material usage information and limited air monitoring data. 
Depending on the quality of information available, there are varying degrees of 
uncertainty associated with the release estimates developed. The Division’s 
suggestion of using mass-balance approach for deriving chemical release estimates 
has been forwarded to the Phase I1 contractor. 

Comment 4. Section 4.0 discusses waterborne releases. Because the radionuclides sequester 
in drainage and reservoir sediments (and are not appreciably present in the 
drinking water pathwaj), calculations that consider exposure to elevated 
concentrations of radionuclides in sediments should be included in the exposure 
pathway model. It is the Division’s understanding that Phase II will include a 
more derailed analysis of sediments in the down-gradient direction. 

The Division’s concern about contaminants in sediments has been forwarded to the 
Phase I1 contractor. 

Response 4. 

Comment 5. Risk evaluation: The second paragraph of Section 5.1 has a discussion of 
non-carcinogenic health eflects. Including reference doses, the likes of which 
should be repeated in the overview of Task 2 (per previous comment). However, 
the Division is unable to find any calculations of non-carcinogenic risks, 
comparisons to the reference dose, and evaluation of the resulting Hazard 
Quotient. Some of the chemicals for which carcinogenic slope factors are 
presented in Table 5-1 also have systemic health eflect contributions. A total risk 
evaluation f iom dose reconstruction, the overall goal of this eflort, should 
quantitatively present both types of human health risks. 

Response 5 .  The purpose of Phase I is to provide preliminary dose estimates and to identify 
contaminants, release events and exposure pathways that have a large impact on 
total dose. Estimation of chemical and radiation doses received by the public in 
the past 37 years is the end-point of the Phase I study. Potential health impacts 
associated with the estimated doses will be evaluated in Phase 11. However, in 
order to evaluate the relative importance of various contaminants of concern and 
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release events, preliminary cancer risk calculations were performed for some 
radionuclides and chemical carcinogens. Therefore, the health risk evaluation 
carried out in Task 8 is limited in scope. 

1 , 1 , l  -Trichloroethane is the only contaminant of concern that is not considered to 
be a carcinogen. In the Task 8 report, noncarcinogenic effects of l , l , l -  
trichloroethane are evaluated by comparing the calculated annual doses with the 
reference dose of the compound (Figure 5-1C). 

Comment 6. Executive summary, page IO, third bullet - term microsievert is used with no 
previous explanation. . Define here or in glossary. 

Response 6 .  The term microsievert is now defined in the glossary provided with the Task 8 
report. 

Comment 7. Executive summary, page 11, first f i l l  paragraph - the detection method used and 
the basis of comparison should be listed. 

Response 7. A description of the detection method used and the basis of comparing 
radioactivity detected in different bodies of water are provided in the Task 5 
report. This discussion is an attempt to summarize a very complex data set. It is 
not practical to provide additional details in the executive summary of the Task 
8 report. 

Comment 8. Section 2. I ,  page 16, first paragraph - adsorption through skin and wound entry 
should be included even though they are negligible. Wound entry is especially 
important where beryllium (Be) is concerned. - 

Response 8. Dermal absorption and wound entry are two of the many conceivable pathways 
that are not fonhally evaluated in the Task 8 report. Identification of potential 
exposure pathways are discussed in the Task 6 report. The objective of the 
identification process is to select exposure pathways that are likely to have a 
contribution to the total dose estimate. Due to the low dermal absorption 
coefficients of the contaminants of concern described in the Task 6 report and the 
infrequent occurrence of contaminant absorption through wounds for the off-site 
population at large, dermal absorption and wound entry are not likely to be 
important exposure pathways and therefore are not evaluated in Task 8. 
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Comment 11. Appendix F, page 3, first paragraph line 4 - states, "... Figure E-1 can also used 
to . . . I t  should insert "be" between can and used. 

i 
Comment 9. Figure 3-5, Predicted Air Concentrations for Evaluating the 1957fire and Figure 

- - - _  _ _ _ _  - -- - _ .. 3,7,. -Przdicted Air Concentrations for Evaluating the I969 fire - change 
Tlatterville " to Platteville: 

The referenced figures have been revised as suggested. 

- -  - _ _  - 

-- -_ _ _ _  - - - _ _  - --- _ _  - - - _  

Response 9. 

Comment 10. Appendix B, Table B-I,  page 2 - should define f,, Assume it is the same as in 
Table 2-1 on page 20 of Volume I, however, should be defined here. 

k 

Response 11. The suggested revision has been made to Appendix F. 

1 
I 
I '  

I! 

Comment 12. Appendix I, Exposure Pathway Equation for Chemicals, page I 1  - Cso,l~ulkJ should 
be included under "Where:'! Assume it is the same as on page 3, however, since 
all others are repeated with each formula this should be also. 

Response 12. The suggested revision has been made to Appendix I. 

Comment 13. The inhalation rates used in calculating dosesfiom the releases are not consistent. 

Response 13. The primary purpose of Table 2-2 was to illustrate the fact that inhalation rates 
change with age and level of activity, especially when comparing infants to 
children or adults. However, this table is not the only source of information that 
we used to develop a distribution of average adult daily inhalation rates. Other 
references such as Exposure Factors Handbook (USEPA, 1989), Radiological 
Assessment: Predicting the Transport, Bioaccumulation, and Uptake by Man of 
Radionuclides Released to the Environment, NCRP Report No. 76 (NCRP, 1985) 
and Report of the Task Group on Reference Man, ICRP Publication 23 (ICRP, 
1974) were also consulted. Based on information provided in all of these 
references, we assumed that average adult daily inhalation rate has a triangular 
distribution with a best estimate of 20 m3 d 1  and a lower and upper bounds of 9 
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and 29 m3 d', respectively. The numerical basis for our distribution is detailed 
below. 

0 The best estimate for inhalation rate of 20 m3 d-' is based primarily on the 
recommendation in USEPA's Exposure Factors Handbook (1 989). Ths  
value is recommended to represent average adult inhalation rate in a 
continuous exposure situation or when specific activity patterns are not 
known. The 20 m3 d' rate is widely used for exposure assessments. 
Based on the assumption of 8 hours light working activity, 8 hours 
nonoccupational activity and 8 hours of resting, ICRP (1 974) estimates that 
average inhalation rate of an adult is about 22 m3 d-'. However, more 
recent data presented in USEPA (1 985) suggest lower inhalation rates for 
light and resting activity levels. 

0 The upper bound value of 29 m3 d-' is based on hourly ventilation rates 
for adult males reported in the USEPA's Exposure Factors Handbook 
(1 989) and assuming 8 hours resting, 10 hours of light activity and 6 hours 
of moderate activity per day. The resulting upper-bound inhalation rate 
is 28.6 or 29 m3 d'. There was a typographical error in the draft Task 8 
report, the upper-bound inhalation rate should have been 29 m3 d-' instead 
of 28 m3 d'.) The number of hours assumed for each level of activity is 
based on professional judgement; however, this value is very close to the 
reasonable worst-case inhalation rate of 30 m3 d-' recommended by the 
USEPA in the Exposure Factors Handbook (USEPA, 1989). 

0 The lower bound value of 9 m3 d-' is based on hourly ventilation rates for 
adult females reported in EPA's Exposure Factors Handbook (1989) and 
assuming 14 hours resting and 10 hours of light activity. The resulting 
lower-bound inhalation rate is 9.2 or 9 m3 d'. The fraction of time 
assumed for each level of activity is based on professional judgment. 

It must be emphasized that inhalation rates developed above represent long-term 
averages. Inhalation rate measured on a daily basis may fluctuate above or below 
the bounds stated. 

Comment 14. Because of the importance of plutonium inhalation 
reconstruction, some of the calculations use physiologic ml 

in the overall dose 
jels that are outdated. 

Response 14. See Appendix B for a discussion of dose coefficient selection. For purposes of 
this assessment, DCFs derived by the ICRP (1990) and the USEPA (1988 and 
1993) were used and are presented in Table 2-1. Specific dose coefficients were 
obtained from the following documents: 
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-- - -- - - -0- - USEFA- (1988). - ?Limiting-VaJues of Radionuclide Intake and Air 
Concentration and Dose Conversion Factors for Inhalation, Submersion,- 
and Ingestion." Federal Guidance Report No. 11. United States 
Environmental Protection Agency, Office of Radiation Programs, 
Washington D.C. 

USEPA (1 993). "External Exposure to Radionuclides in Air, Water, and 
Soil." Federal Guidance Report No. 12. United States Environmental 
Protection Agency, Ofice of Radiation and Indoor Air, Washington, D.C. 

0 ICRP (1 990). International Commission on Radiological Protection. 
"Age-Dependent Doses to Members of the Public from Intake of 
Radionuclides: Part 1." ICRP Publication No. 56. Annuls of the ICRP. 
Volume 20, No. 2. Pergamon Press, Oxford. 
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